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The science of performance measurement has rapidly developed towards the end of the 
last century with the emergence of Data Envelopment Analysis (DEA) technique. This 
powerful technique has contributed considerably to solve the problem of measuring the 
performance of organizations called Decision Making Units (DMUs) with multiple 
inputs and outputs. DEA model is a linear programming-based technique for measuring 
the relative efficiency of DMUs. The initial study focused on identifying the measures 
(variables) of efficiency and identifying vital measures (variables) of input and output. 
These input and output variables are determined through a questionnaire survey for 
construction companies of the first grade working i the fields of buildings, roads, 
water and sewage, and electromechanical works. The annual average of materials cost, 
labor cost, cash flow, subcontractors cost, equipment and machine value, and the 
number of management staff are used as input variables. The average annual amount of 
executed works is used as the single output variables. Determining input and output 
variables facilitated formulating the basic DEA model. 
 
In this research, the mathematical background and chara teristics of DEA model is 
presented and a short case study on construction companies work in Gaza Strip through 
the period from 2002 to 2006 is given. Input oriented DEA model was used under the 
assumptions of constant returns to scale and variable returns to scale to evaluate the 
relative efficiency of 22 of the leading construction companies.  
 
The study revealed that there is no technique used to measure the efficiency of 
construction companies in Gaza. The overall technical efficiency, technical efficiency, 
and scale efficiency were investigated by Efficiency Measurement System program 
(EMS). The efficiency analysis not only provides an efficiency score for each DMU but 
also how much and in what areas an inefficient DMU needs to be improved in order to 
be efficient. Inefficient companies have to reduce th ir resources where they suffer of 
intensive possessed machines, cash flow, and management staff. Efficiency analysis 
found that construction companies have high efficien y scores. The average technical 
efficiency growth trend over time was 1.27%. It was found that the overall technical 
efficiency average scores was 94.4%, technical effici ncy average score was 98.9%, 
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The construction industry has played a vital role in developing and developed countries. It 
is the major contributor to the gross domestic product (GDP) in Palestine (West Bank and 
Gaza Strip), where it contributes 33% to the Palestinian GDP and it is the largest 
employer of the work force. It reached up to 22.3% in 1999 (PCU, 2008). It is the most 
significant player in the economy of Palestine. Construction industry includes 
construction companies that perform a number of different projects dispersed into various 
and divergent sites, where the physical production is performed. This production is not 
always performed as planned due to realistic surrounding circumstances. Projects are 
unique in nature and the construction process varies w dely due to variations in materials, 
machines, quality, safety, location, construction staff, subcontractors, and others can be 
changed partially or entirely. 
 
Performance measurement is necessary for continuous improvement to avoid 
shortcomings and failures, which create the company's efficiency. Efficiency may be 
defined as the ability of a firm to produce as much output as possible, given a certain 
level of inputs and certain technology (Nguyen and Giang, 2005). Efficiency requires that 
several inputs lead to outputs, which represent the amount of success achieved. Inputs and 
outputs are denoted efficiency measures, and sometimes variables. 
 
Construction industry nowadays suffers from hyper competitiveness. Sustainable 
competitive advantage is built by firms only through efficiency and effectiveness. 
Efficient companies mean success to all construction players. So, firms having sufficient 
power with qualified and superior resources are abl to perform more efficiently. Main 
parties of construction industry; client, designer, and contractor may pay no attention to 
efficiency which affect all parties. So, companies are under stress to find ways to improve 
their performance to survive and sustain their competitive position in the local 
construction market. Performance measurement is a critical component of the 
management process in any type of organization. Measuring relative efficiency of 
Decision-Making Units (DMUs) with incommensurate inputs and outputs has been 
problematic for researchers and practitioners. A special linear programming-based model 
known as Data Envelopment Analysis (DEA) is capable of addressing such a problem 
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(Al-Shammari, 1999). Fig. 1.1 shows a construction c mpany called Decision Making 
Unit (DMU) that uses multiple inputs to produce multiple outputs. 
 
Fig. 1.1 A Graphical Representation of the DMU   
 
 
So, measuring the efficiency of construction companies is necessary to check and monitor 
performance, to verify changes and implications of improvement actions in order to make 
effective decisions. As a result, decision of company's selection made by the client, has to 
be based not only on the principle of cost, but also based on other criteria such as; on-time 
delivery, quality, available resources, superiority, creativeness, safety, client or end-user 
satisfaction, and friendliness to environment. Efficiency, simply may be defined as the 
optimal consumption/use of available resource-s (input-s) to produce the largest amount 
of valuable benefit-s (output-s). 
 
1.1 The Importance of Construction Industry 
Construction industry is a corner stone for most natio s industries. All over the world, no 
urban progress is made without construction. It is the underpinning of both manufacturing 
and services industry. It is the most developing element in social promotion, and 
economic strengthening, but it is burdensome in execution and cost, that it exhausts one-
half of the gross capital and constitutes 3-8% of Gross Domestic Product (GDP) in most 




1.2 Construction Industry in Gaza 
Gaza Strip is a zone of Palestinian territory. It is a populous and narrow area. Its area is 
about 362 square kilometers and its projected population in 2010 is 1.6 millions. Since, 
the emersion of the Palestinian National Authority in 1994, the construction sector has 
witnessed remarkable activities, which resulted in revival of construction sector, support 
industries and emigrant capital investments. Construction industry is one of the most 
vibrant industries in Gaza Strip. It includes general contractors, builders, subcontractors, 
specialty trades and suppliers. Construction works include activities related to construct 
of residential building, schools, offices, roads, bridges, pipelines, airports, harbors, 
drainage, power plants, water supply, railways, irrigation projects, maintenance and repair 
works. 
 
1.3 Construction Industry Effect on Economy  
Construction industry is a vital contributor to the Palestinian economy. It includes the 
overall building community and consists of: owners, operators, and users; developers, 
designers, contractors, fabricators, manufacturers and suppliers; regulators, codes and 
standards organizations, building and fire safety officials, labor, financial organizations, 
testing laboratories, educational institutions, and research organizations (Raufaste and 
Callahan, 2002). 
 
The construction industry is a powerful engine to the Palestine economy in general and 
especially in Gaza Strip. Construction sector supports the Palestinian economy in two 
directions. The first one, is its contribution to GDP with 33% which exceeds the average 
rate of most countries, and secondly in job creation where it employs about 22.3% of the 
local workforce in 1999 before the Israeli redeployment in September 2000 (PCU, 2008). 
 
1.4 Motivation 
The main motivation of the study stems from the belief that no studies have estimated 
technical efficiency of construction companies in Gaza Strip. A number of studies have 
been carried out on construction companies in Gaza Strip, such as causes of contractors' 
failure in Gaza Strip (Hallaq, 2003), measurement of labor productivity in Gaza Strip 
(Abo Mostafa, 2003), and modeling the factors affecting quality of building construction 
projects (Amer, 2002). Cost and time performance ar conducted in the context of 
individual projects but they do not reflect the efficiency status of the company. Measuring 
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efficiency demonstrates a comprehensive image of company. To the researcher’s 
knowledge no studies were conducted to measure efficiency. 
 
1.5 Scope and Limitations 
Construction industry has huge scope and hence largamount of resources involvement, 
and complexities in managing it. This is the reason that leading construction companies 
were selected for this research. Due to time and accessibility constraints, the study was 
limited to the Southern provinces (Gaza Strip) of Palestine. This research is performed 
based on contractors’ point of view, because the contractor is the main party responsible 
for the resources supply and management throughout construction phase of any project. 
The measures of inputs and outputs were obtained using literature review, experts 
interviews and researcher experience. 
 
1.6 The Importance of the Study 
A study took place to investigate the causes of construction industry failure (Hallaq, 
2003), but no attention was paid to enable companies to counter unstable conditions, 
market variability and resources shortage. Sustainable development has to recruit efficient 
companies for improving performance in terms of quality, safety, clients satisfaction, 
cost, time, material consumption, strengthening economy, employees recruiting and 
minimizing claims, where these terms are the most valuables. So, it is necessary to find an 
instrument to measure construction companies efficincy. 
 
1.7 Research Questions 
 
1- Do agencies apply any tools to measure the effici ncy of construction companies? If 
yes, what are they?  
2- What are the main inputs of construction companies? 
3- What are the main outputs of construction companies? 
4- Is there a relationship between efficiency and profitability? 
5- What are the characteristics of efficient companies? 






1.8 Aim of the Study 
 
To study the efficiency of construction companies in the local market using data 
envelopment analysis (DEA). The study will identify the role of inputs and outputs in 
determining the efficiency of construction company. Then, the companies will be ranked 
according to their efficiency. Recommendations for improvements given to inefficient 
companies. 
    
1.9 Objectives 
 
The study will address the following objectives: 
1- To investigate the measures of efficiency; technical, financial, managerial, and others. 
2- To investigate and identify the main measures of inputs of construction companies. 
3- To investigate and identify the main measures of outputs of construction companies. 
4- To identify the common characteristics of efficient companies. 
5- To identify the common characteristics of inefficient companies. 
6- To establish a compact efficient company model using data envelopment analysis 
DEA. 
 
1.10 Organization of the thesis 
 
This thesis is organized into five chapters: Chapter 1 introduces the problem to be 
addressed and the research objectives for this thesis. This chapter also includes general 
information of research and the structure of the thesis. 
Chapter 2 provides background introduction of performance measurement and DEA, also 
some recent studies on efficiency topic and applications of DEA. Chapter 3 includes the 
research methodology. It explains the procedure of finding the measures of efficiency and 
how DEA is applied to calculate the efficiency in this research. Results and discussion are 










Literature Review  
 
To evaluate performance, it must be measured. Performance measurement is the key to 
progress in any organization. In order to be competitiv , improving efficiency is an 
important issue. Efficiency is one of the most issues for many nations. It is the key 
measure of utilization of available resources (inputs) to convert them into meaningful 
physical products (outputs). This chapter is divided into three sections; the first one 
provides an overall look of the importance of performance measurement, the second 
section provides a background of measurement techniques of both parametric and non-
parametric approaches, where the third section discusses the current issues related to 
efficiency; definition, categorization, its measurement and measures in construction 
industry. 
 
The construction industry has been practicing construction for the last 4,000 years. 
Industries have proven that performance measurement is the cornerstone of challenging 
any industry to become world class (Alarcon et al., 2008). Performance measurement has 
been given a prominent place in most organizations that are called Decision Making Units 
(DMUs) as it helps to achieve continuous improvements (Martinez, 2005; Baldwin et al., 
2001). Performance measurement is defined as “the process of determining how 
successful organizations or individuals (DMUs) have been in attaining their objectives 
and strategies” (Kagioglou et al., 2001). Cain, 2004 and Alarcon et al., 2008, identifies 
performance measurement as the first stage of any improvement process that benefits the 
end users with lower prices and the organizations with higher profit margins, whilst 
enhancing the quality of the product. A wider definitio  of performance measurement 
systems is given by Neely (1998) as the quantification of efficiency and effectiveness of 
past actions by means of data acquiring, collection, s rting, analyzing, interpreting and 
disseminating. 
 
2.1 Importance of Performance Measurement 
The gap in construction industry is the lack of performance measurement methodology 
that likely retards industrial adoption of new methods and cost excesses. In USA labor 
cost excesses between 30%-40% due to the losses of productive time in the industrial 
construction projects caused mainly by the inefficien y work process and other factors 
(Picard, 2000). The Australian construction industry has been portrayed as being 
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uncompetitive and inefficient. The Australian construc ion industry claiming that:  “…up 
to 40% of effort in developing and operating capital works facilities is wasted and adds 
no value to the end user/customer whilst depleting profitability of the client, designers 
and contractors” (Gallo, et al., 2002). 
 
(Love and Holt, 2000) summarize the importance of per ormance measurement as: 
• Ensuring that customer requirements are properly met (and if not, why); 
• Enabling the organization of achievable business objectives and monitoring 
compliance; 
• Providing standards for business comparisons; 
• Providing transparency and a scoreboard for individuals to monitor their own 
performance; 
• Identifying quality problems and those requiring priority attention; 
• Giving an indication of the costs of poor quality; 
• Justifying the use of resources; 
• Providing feedback for driving the improvement effort; and 
• Regularly measurement sets competitive environment between organizations 
(DMUs) to compare their own products, services and business processes against 
the best within or outside their industry – seeking to unearth and implement best 
practice from whatever source. 
 
Performance measurement is an important aspect for organizations to evaluate their actual 
objectives against predefined goals and to make sure that the organization is doing well in 
the competitive environment. Nevertheless, performance measurement is not without any 
disadvantages. Performance measurement enables managers to make decisions based on 
facts rather than on assumptions and faith (Parker, 2000). Therefore performance 
measurement has become an integral part of planning a d controlling organizations. 
For competitive construction industry, there is a critical need for management actions to 
continuously improve the firm's performance. In thelong term, success of both individual 
construction firms and the industry overall will depend on improving performance by 
continually acquiring and applying new knowledge. Measurement aims at comparing the 
performance of firms relative to each other, allowing these firms to recognize their 
weaknesses and strengths compared to the industry. Measurement aids in the 
identification of industry leaders who exhibit superior performance as a result of using 
best industry practices. By finding examples of superior performance, firms can adjust 
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their policies and practices to improve their own performance and become more similar to 
performance leaders in the industry (EL-Mashaleh et al., 2007). Performance 
measurement assists managers in staff allocation based on activities' level and determines 
where excess resources are being utilized.  
Efficiency measurement has a bundle of managerial advantages as: 
 
• Supports management decisions to maximize resource utilization across projects 
for achieving the highest level of return. 
• Supports management decisions about investment in resou ces and in mix of 
projects. 
• Supports concept of benchmarking, that allowing contractors to better understand 
their competitive position and improve their performance. 
• Supports comparative research of various management policies. 
• Determines the actions that should or could be made in the short term to improve 
performance, 
• Identifies the strong and weak areas within the company, and 
• Helps the construction industry to learn as a whole (E -Mashaleh et al., 2001 and 
Alarcon et al., 2008). 
 
2.2 Measurement Techniques 
Efficiency measurement technique has been given a prominent place in most 
organizations (DMUs) as it helps to achieve continuous improvements. Farrell (1957) laid 
the foundation to measure efficiency studies at the micro level. The estimation of 
efficiency can be categorized according to the assumptions and techniques used to 
construct the efficient frontier. Parametric methods estimate the frontier with statistical 
methods. On the other hand, nonparametric methods rely on linear programming to 
calculate linear segments of the efficient frontier. These two methods are discussed 
below. 
 
The parametric frontier approach specifies a functio al form for the cost, profit, or 
production relationship among inputs, outputs, and e vironmental factors, and allows for 
random error. The most used technique is Stochastic Frontier Analysis (SFA), which is a 
parametric method and is based on the quantitative economy theory. Parametric method is 
based on parameter estimation with given functional forms (in practice, it is impossible to 
apply one technology for all different industries, or even to do so for all firms within an 
 9 
industry). Thus, identifying an appropriate technology for each industry or firm is also 
difficult. Researchers find out that parametric approaches are best applied to industries 
with well-defined technologies to minimize the risk of misspecification. 
 
Unlike the parametric approach, which is based on fu ctional forms without linear 
programming, the non-parametric method is based on linear programming without 
functional forms of the frontier nor any distributional assumptions. In this section, Data 
Envelopment Analysis (DEA) will be discussed in some detail. 
 
Charnes et al. (1978) originally introduced data envelopment analysis (DEA) as a method 
to measure relative efficiency of different decision making units (DMUs) or producers 
based on their observed inputs and outputs. Their work builds on the same introduced 
paper by Farrell (1957) and extends the engineering atio approach to efficiency 
measurement for multiple input–output combinations. The most efficient producers have 
relative efficiency of 1 and others have figures between 0 and 1. Data envelopment 
analysis (DEA) is commonly used to evaluate the effici ncy of a group of producers 
(DMUs) such profit or nonprofit organizations, firms, institutions, departments or 
operating units. Throughout this research and consistent with DEA terminology, the term 
“decision-making unit” or “DMU” will refer to the individuals in the evaluation group. In 
the context of this application, it will refer specifically to construction 
companies/contractors. 
 
A typical statistical approach evaluates producers r lative to an average producer. In 
contrast, DEA is an extreme point method which compares each producer with only the 
“best” producers. A fundamental assumption behind a extreme point method is that if a 
given producer A, is capable of producing Y(A) units of output with X(A) inputs, then 
other producers should also be able to do the same if th y were to operate efficiently. 
Similarly, if producer B, is capable of producing Y(B) units of output with X(B) inputs, 
then other producers should also be capable of the same production schedule. Producers 
A, B, and others can then be combined to form a composite producer with composite 
inputs and composite outputs. Since this composite producer does not necessarily exist, it 
is sometimes called a virtual producer. The heart of the DEA technique lies in finding the 
“best” virtual producer for each real producer. If the virtual producer is better than the 
original producer by either making more output with the same input or making the same 
output with less input then the original producer is inefficient. Some of the subtleties of 
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DEA are introduced in the various ways that producers A and B can be scaled up or down 
and combined. 
 
As mentioned, the DEA approach has recently become the dominant approach to measure 
the performance of many economic sectors. However, when we consider DMUs, we 
generally do not know what the optimum efficiency is and therefore we can not determine 
whether a DMU is absolutely efficient. DEA enables us to compare several institution 
units with each other and determine their relative efficiencies (Sowlati, 2001). Some key 
advantages of DEA are summarized as follows: 
 
• It is used to measure the efficiency of homogenous units called decision making 
units (DMUs), which consume the same type of inputs to produce the same type 
of outputs. 
• DMUs are directly compared against a peer or combinatio  of peers. This means 
that any inefficient DMU has a reference set display the level of reduction inputs 
or the level of increasing outputs to become an effici nt unit. 
• Inputs and outputs can have very different units. For example, inputs X1 could be 
in units of headcounts, X2 could be dollars value, where outputs Y1 could be in 
units of square meter, Y2 could be in units of cubic meter and so on. 
• DEA reveals the amount of inputs' savings and the amount of outputs' increments 
can be achieved by DMU to improve its efficiency. 
• It is a nonparametric approach; hence, there is no restriction on the functional 
form that relates inputs to outputs. 
• It is a fractional mathematical programming technique. However, it can be 
converted into a linear programming model and solved by a standard LP solver. 
• It generalizes the concept of the single-input, single-output technical efficiency 
measure developed by Farrell (1957) to the multiple-input and multiple-output 
case by computing a relative efficiency score as a ratio of a virtual output to a 
virtual input. Specifically, efficiency is defined as a ratio of a weighted sum of 
outputs to a weighted sum of inputs. 
• It is an approach that is focused on frontiers instead of central tendencies. It 
evaluates the efficiency of each DMU relative to similar DMUs. Thus, it provides 
an efficient frontier or envelope for all considered DMUs rather than fitting a 
regression plane through the center of the data.  
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• It determines the relative efficiency of one DMU at a time over all other DMUs by 
finding the most favorable weights from the viewpoint of that, "target", DMU. 
(Lertworasirikul, 2002 and Sowlati, 2001). 
 
The same features that make DEA a powerful tool can also create problems. The 
following limitations must be considered when choosing whether or not to use DEA  
• Since DEA is an extreme point technique, noise (even symmetrical noise with 
zero mean) such as measurement error can cause significant problems. 
• DEA is good at estimating “relative” efficiency of a DMU but it converges very 
slowly to “absolute” efficiency. In other words, it can tell you how well you are 
doing compared to your peers but not compared to a “theoretical maximum”. 
• Since DEA is a nonparametric technique, statistical hypothesis tests are difficult 
and are the focus of ongoing research. 
• Since a standard formulation of DEA creates a separate linear program for each 
DMU, large problems can be computationally intensive. 
• The DEA method assigns mathematically optimal weights to all inputs and 
outputs being considered. It derives the weights empirically, so the maximum 
weight is placed on those favorable variables and the minimum weight is placed 




2.2.1 Basic Models of DEA 
In their original DEA model, Charnes, Cooper and Rhodes (CCR) adopted a ratio for 
defining efficiency. It generalizes the single-output to single-input classical engineering 
ratio definition to multiple inputs and outputs without requiring preassigned weights. 
Inputs of Sum Weighted
Outputs of Sum Weighted=Efficiency  (Charnes et al., 1978). 
Charnes, Cooper, and Rhodes in 1978 (CCR Model) proposed that the efficiency of any 
DMU can be obtained as the maximum of a ratio of weight d outputs to weighted inputs 
subject to the condition that similar ratios for every DMU are less than or equal to one. 
Using the fractional programming theory, the ratio problem is transformed into an 
ordinary linear programming problem (Cooper et. al., 2000). To obtain the efficiency of 
all DMUs, it is necessary to solve a series of linear programs, one for each DMU as the 
objective function. DEA identifies the most efficient units and indicates the inefficient 
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units in which real efficiency improvement is possible. The amount of resources saving or 
services improvement that can be achieved by each inefficient unit to make them efficient 
is identified and can be used as indications for management action. 
 
Banker et al., 1984 introduced the BCC model in which the envelopment surface is 
variable returns to scale. The CCR model is employed to estimate the overall technical 
and scale efficiency of a DMU. However, the BCC model takes into account the 
possibility that the most productive scale size may not be attainable for a DMU which is 
operating at another scale size. It estimates the pur  technical efficiency of a DMU at the 
given scale size of operation. 
 




This is one of the most basic DEA models, proposed by Charnes et al., 1978. They 
introduced the term Decision Making Unit (DMU) to describe the organization under 
efficiency study, which can for example be a firm, a department store, or a bank branch, 
with common inputs and outputs. A DMU is an entity, which converts inputs to outputs, 















          
     Fig. 2.1 CCR Production Possibility Set and Frontier 
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Figure 2.1 shows the efficient frontier and production possibility set for the CCR model 
in two dimensions, the single input and single output case. CCR model mainly has two 
possible orientations; CCR input oriented model and CCR output oriented model. 
 
The first type of CCR model is the input oriented model, which tries to minimize the 
input usage to produce given output levels for each DMU. Suppose there are n DMUs: 
DMU1, DMU2, …, DMUn, with k inputs: kxxx ,...,, 21  and m outputs: myyy ,...,, 21 . 
The following fractional programming model can be solved to obtain the efficiency score, 



































                                              
For each DMU in sample nj ,...,1= . 
Where the following notations are used: 
                                       θ is the optimal objective value. 
                                       0, ≥ir vu , 
                                       mr ,...,1= , 
                                       ki ,...,1=  
Here ijx  and rjy  (all non-negative) are the inputs and outputs of the 
thj  DMU, iv  and ru , 
are the inputs and outputs weights. 
 
The objective is to obtain weights (iv , ru ) that minimizes the efficiency (ratio) of DMU0, 
which is the DMU under evaluation. The constraints mean that the efficiency of none of 
the DMUs should exceed one, while using the same multipliers. 
 
The above fractional equation 2.1 can be transformed into a linear programming problem 
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For each DMU in sample nj ,...,1=  
                                       mr ,...,1= , 
                                       ki ,...,1=  
The fractional program equation 2.1 is equivalent to the linear program equation 2.2 and 
they have the same optimal objective value, θ . When DMU0, has 1<θ , then it is CCR-
inefficient. 
 
Yet, we have considered a version of the CCR model in which the objective is to 
minimize inputs while producing at least the given output levels. This is called the 
orientedinput −  model. The envelopment surface for the CCR orientedinput −  model 
(CCR-I) and projections of the inefficient units (B, C and D) to this efficient frontier for 










CCR - I Frontier
CCR - Input Oriented
     
    Fig. 2.2 Envelopment Surface and Projections in CCR-I Model 
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The second type of CCR model is the output oriented mo el, which aims to maximize 
outputs while not exceeding the observed input levels. The fractional form of CCR output 



































                                                                            
For each DMU in sample nj ,...,1=                                                                               
where the following notations are used: 
                                       θ is the optimal objective value. 
                                       0, ≥ir vu  
                                       mr ,...,1=  
                                       ki ,...,1=  
Here ijx  and rjy  (all non-negative) are the inputs and outputs of the 
thj  DMU,  
iv  and ru , are the inputs and outputs weights. 
The objective is to obtain weights (iv , ru ) that maximizes the efficiency (ratio) of     
DMU0 (DMU under evaluation). The constraints mean that e efficiency of none of the 
DMUs should exceed one, while using the same multipliers. 
The above fractional programming model (equation 2.3) can be transformed into a linear 
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The fractional program (2.3) is equivalent to the linear program (2.4) and they have the 
same optimal objective value, θ . When DMU0, has 1<θ , then it is CCR-inefficient.  
 
Yet, a version of the CCR model in which the objective is to produce the highest possible 
output levels for a given input usage is considered. This is called the output-oriented 
model. The envelopment surface for the CCR output oriented model and projections of 
the inefficient units (B, C and D) to this efficient frontier for the case of one input and one 










CCR - O Frontier
CCR - Output Oriented
 




The CCR model evaluates both technical and scale efficiency via the optimal value of the 
ratio form. The envelopment in CCR is constant returns to scale meaning that a 
proportional increase in inputs result in a proportionate increase in outputs. 
Banker et al., 1984 developed the BCC model to estimate the pure technical efficiency of 
decision making units with reference to the efficient frontier. It identifies whether a DMU 
is operating in increasing, decreasing or constant returns to scale. Also, BCC model 
mainly has two possible orientations; BCC input oriented model and BCC output oriented 
model. 
 
The BCC input oriented model evaluates the efficieny of DMU0, by solving the linear 
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For each DMU in sample nj ,...,1= . 
                                       θ is the optimal objective value. 
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                                       free  0v  
Figure 2.4 is a two dimensional example that illustrates the envelopment surface and 
projections to this frontier. Inefficient units are projected to the efficient frontier by 
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Fig. 2.4 Envelopment Surface and Projections in the BCC-I Model 
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Units A, B, C, D, E are the efficient units and form the efficient frontier. Units F and G 
are inefficient. In order to make unit F efficient, a proportional decrease in its input is 
needed. For unit G, first a reduction in input level and then an increase in its output is 
necessary. If a unit is characterized as efficient in the CCR model, it will also be 
characterized as efficient in BCC model, however th opposite is not true. 
 
While the envelopment surface for the BCC output oriented model is the same as BCC 
input oriented one, the projection to the envelopment surface in the two models is 
different. The objective in BCC output oriented model is to maximize the output 
production while not exceeding the actual input leve . The linear program for the BCC 
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For each DMU in sample nj ,...,1= . 
                                       mr ,...,1= , 
                                       ki ,...,1= . 
                                       free  0u   
Figure 2.5 is a two dimensional example that illustrates the envelopment surface and 
projections to this frontier. Inefficient units are projected to the efficient frontier by 
increasing their output. 
Units A, B, C, D, E are the efficient units and form the efficient frontier. Units F and G 
are inefficient. In order to make unit F and G efficient, a proportional increase in their 
outputs is needed. If a unit is characterized as effici nt in the CCR model, it will also be 
characterized as efficient in BCC model, however th opposite is not true. 
 
Noticeable, there are other broadcast models; additive and multiplicative models are out 
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        Fig 2.5 Envelopment Surface and Projections in the BCC-O Model 
 
 
2.2.2 Returns to Scale 
 
In DEA literature, the CCR model is derived based on the assumption of constant returns 
to scale of DMUs. For the long-run analysis, the scale of firm's operations should be 
considered. The amount of increased outputs associated with increased inputs is 
fundamental to the long run nature of the firm's production process. The concept of 
returns to scale is addressed in terms of constant and variable returns to scale. The two 
types of returns to scale are discussed hereinbelow: 
 
Constant Returns To Scale (CRS): an increase in the amount of inputs consumed leads 
to proportional increase in the amount of outputs produced. 
 
Variable Returns To Scale (VRS): in contrast, variable returns to scale allows the 
outputs produced, increase or less proportionally to the increase in the inputs. They are 
two types of variable returns to scale: 
 
Increasing Returns To Scale (IRS): an increase in the amount of inputs consumed leads 
to a larger than proportional increase in the amount f outputs produced. 
   
Decreasing Returns To Scale (DRS): an increase in the amount of inputs consumed leads 
to a smaller than proportional increase in the amount f outputs produced. 
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CRS is a special case of variable returns to scale. For CRS, the size of the unit's operation 
does not affect the productivity of its factors. The average and marginal productivity of 
the unit's inputs remain constant no matter whether t  unit is small or large. This occurs 
in a plant using a particular production process, which can easily be replicated, so that 
two plants produce twice the outputs of one. Figure 2.6 shows the efficient frontiers of 

















CRS: Constant Returns to Scale
VRS: Variable Returns to Scale
 
      Fig. 2.6 Returns to Scale 
   
2.2.3 Scale Efficiency 
It is interesting to investigate whether the source of inefficiency in a DMU is caused by 
the inefficient operation of the DMU itself or by the disadvantageous conditions under 
which the DMU is operating. For this reason, we canompare CCR and BCC models. 
The CCR model assumes that the constant returns to scale production model is the only 
possibility and provides overall efficiency measures on this basis. While, the BCC model 
assumes a convex combination of the observed DMUs as the production possibility set 
and provides technical efficiency. If a unit is fully efficient in both the CCR and BCC 
models, it is operating in the most productive scale size (Banker et. al., 1984). If a DMU 
is BCC efficient but inefficient in the CCR model, then it is locally efficient but not 
globally and this is due to its scale size. Scale effici ncy is defined as the ratio of overall 
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efficiency to technical efficiency (Cooper et. al., 2000). In the two dimensional example, 
with one input and one output, shown in Fig. 2.7, unit B on the CCR frontier is both 
technically and scale efficient. 














g=G  Unit of Efficiency Scale   



































        Fig. 2.7 Technical and Scale Efficiency 
 
 
2.2.3 Comparison of SFA and DEA Methods 
Although both SFA and DEA methods are efficiency frontier analysis and are originally 
introduced to the efficiency concepts developed by Farrell (1957), there are essential 
differences between the parametric approach and mathe atical programming methods to 
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construction of a production frontier and calculation of efficiency relative to the frontier 
as shown in Table 2.1. DEA is a non-parametric approach and it is suited to measure 
efficiencies of deterministic industry for multiple inputs/outputs information. DEA has 
been applied to assess performance of non-profit organizations or branches, such as 
school, hospitals, universities, courts, public sector, and agriculture (Cooper et al., 2000).  
  
Table 2.1 Comparison between SFA and DEA (Coelli et al., 1997, and Lan et al., 2003) 





















It is not capable to hypothesis test. 
 
It does not need to assume function 
type and distribution type. 
 
It could handle efficiency 
measurement of multiple inputs and 
multiple outputs. 
 
While sample size is small, it is 
compared with relative efficiency. 
 
It does not make accommodation for 




When the newly added DMU is an 





It is capable to hypothesis test.   
It needs to assume functional form and 
distribution type in advance. 
 
It could not handle efficiency measurement 
of multiple outputs. 
 
It needs enough samples to avoid lack of 
degree of freedom. 
 
SFA makes accommodation for statistical 
noise such as random variables of weather, 
luck, machine breakdown and other events 




But in recent years, more and more scholars have applied DEA to evaluate performance 
of profit organizations. On the other hand, SFA is a parametric approach, and is suited to 
measure efficiencies of stochastic industry for input/output information. SFA needs to 
assume a production function of the usual regression form and a distribution type of error 








2.3.1 Definition of efficiency 
 
English Dictionary (2003) defines efficiency as the quality of being able to do a task 
successfully, without wasting time or energy.  
Koopmans Definition: Full (100%) efficiency is attained by any DMU if and only if 
none of its inputs or outputs can be improved withou  worsening some of its other inputs 
or outputs (Koopmans, 1951). 
Relative Efficiency: A DMU is to be rated as fully (100%) efficient on the basis of 
available evidence if and only if the performances of other DMUs does not show that 
some of its inputs or outputs can be improved withou  worsening some of its other inputs 
or outputs (Koopmans, 1951).  
 
There is a consensus among researchers and industry experts that one of the principal 
barriers to promote improvement in construction sector is the lack of appropriate tools of 
efficiency measurement. The lack of efficiency measurement methodology is a serious 
gap in construction research that likely retards industrial adoption of new methods. 
Efficiency is a significant indicator of performance. Enhancing efficiency can be achieved 
through managing resources (El-Mashaleh et al., 2001). The pursuit of efficiency has 
become a central objective of policy makers within most fields. The reasons are crystal 
clear, where in many countries, expenditure on profit and services organizations amounts 
is a sizeable proportion of gross domestic product. Policy makers need to be assured that 
such expenditure is in the correct line (Smith and Street, 2006). The performance of an 
organization (DMU) has been conventionally assessed through the concept of efficiency. 
  
Technical efficiency represents the capacity and willingness of an economic unit to 
produce the maximum attainable output from a given s t of inputs and technology 
(Koopmans, 1951). Technical efficiency is a measure of how well the individual 
transforms inputs into a set of outputs based on a given set of technology and economic 
factors (Aigner et al., 1977). From the mentioned definition, it is concluded that 
efficiency is generally defined as the ratio of outputs to inputs. 
Inputs
Outputs
Efficiency =  
The efficiency of a machine can be determined by comparing its actual output to its 
engineering specifications. However, when we consider organizations (DMUs), we 
 24 
generally do not know what the optimum efficiency is and therefore we cannot determine 
whether the unit is absolutely efficient. Relative efficiency enables us to compare several 
units with each other and determine the most efficint units. 
 
2.3.2 Categorization of efficiency 
 
Generally, efficiency can be categorized into different categories based on scope of 
efficiency targeted; these categories of efficiency are: 
 
 Technical Efficiency: Koopmans (1951) defined technical efficiency as the
capability of a firm to maximize output for given iputs. It means producing 
maximum output with given inputs; or equivalently, using minimum inputs to 
produce a given output (Yang, 2005). So, technical efficiency means, the 
efficiency in converting the inputs to outputs. Techni al efficiency exists when it 
is possible to produce more outputs with the inputs used or to produce the present 
level of outputs with fewer inputs. 
 Economic Efficiency: Economic efficiency measures producing maximum value 
of output with given value of inputs; or equivalently, using minimum value of 
inputs to produce a given value of output (Yang, 2005).  
 
Technical efficiency is measured by the relationship between the physical 
quantities of output and input, where economic efficiency is measured by the 
relationship between the value of the output and the value of the input. Using 
technical efficiency, there is always relative efficiency score. When we call a 
system is inefficient, we are claiming that we could achieve the desired output 
with less input, or that the input employed could produce more of the output 
desired. When examine the economic efficiency, the value of output over the 
value of input can get an absolute efficiency score (Yang, 2005). Economic 
efficiency can help to examine profitability for aninvestment better than technical 
efficiency. 
 
 Allocative Efficiency (price Efficiency): This efficiency deals with minimizing 
the cost of production with proper combination of inputs to a given level of 
outputs and a set of input costs assuming that the entity examined is working with 
the full technical efficiency. Allocative efficiency is expressed as percentage score 
of 100 for the entity using it's inputs in proportin that minimizing the cost. 
Allocative efficiency is meaningful when cost is considered (Salerno, 2008). 
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 Scale Efficiency: Scale efficiency is defined as the ratio of overall efficiency to 
technical efficiency (Cooper et al., 2000). Economic theory suggests that, in the 
long run, competitive firms will continue adjusting their scale size to the point that 
they operate at constant returns to scale (CRS); thus scale inefficiency arises when 
institutions are not operating at CRS. Formally, we can say that an institution is 





In many papers written on the subject of performance measurement, there has been 
confusion in the use of the terms: efficiency, and productivity. The reason is that these 
terms are related to each other. In general, productivity signifies the measurement of how 
well an individual entity uses its resources to produce outputs from inputs. Moving 
beyond this general notion, a glance at the productivity literature and its various 
applications quickly reveals that there is neither a consensus as to the meaning nor a 
universally accepted measure of productivity. Attempts at productivity measurement have 
focused on the individual, the firm, selected industrial sectors, and even entire economies. 
The intensity of debate over appropriate measurement thods appears to increase with 
the complexity of the economic organization under analysis (Building Futures Council, 
2007). 
 
Productivity encompassed by two convergent meanings. This confusion related to the 
viewpoints of businesspeople and economists. Productivity from the business people's 
viewpoint means an increase in sales or output per worker which lead to increase profit 
margins, where it from the economists' viewpoint defines as the relationship between 
outputs of goods and services to inputs of resources used. Both outputs and inputs 
relationship usually expressed in ratio form and measured in physical volumes and 
unaffected by price changes. Productivity is said to be increasing when the growth of 
outputs exceed the growth of inputs (Sharpe, 2002). 
The terms 'productivity' and 'efficiency' are often used interchangeably, which is 
unfortunate since they are not precisely the same thing. Productivity is the ratio of some 
(or all) valued outputs that an organization produces to some (or all) inputs used in the 
production process. On the other hand, efficiency is a relative concept and can only be 
calculated with respect to a reference point. Thus the concept of productivity may 
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embrace but is not confined to the notion of efficiency (Smith and Street, 2006, and 
Picard, 2000). Efficiency can be defined as the index used to rank the different 
productivity values. Productivity then, is a value assigned to the rate at which inputs are 
converted into outputs and efficiency is a ranking of different values (Salerno, 2008).  For 
the purpose of the research study and based on above concepts, the researcher considers 
that efficiency and productivity can be used interchangeably. Worth mentioning, 
comparing productivities of DMUs means measuring effici ncy (relative efficiency) of 
these DMUs. 
 
2.3.4 Efficiency Measurement in Construction Sector 
 
The oldest and most widely used ‘measures’ of the ratio’s of actual vs. plan (estimate), 
i.e., cost vs. budget, progress vs. schedule of construction project performance are not 
enough to reconnoiter the improvement can be achieved, where if these ratios are "out-of-
line," they indicate a problem, but if not, they don t also provide much insight about 
efficiency achieved. 
Since, Charnes et al., 1978 first introduced their concerted action DEA model, many 
business organizations and construction firms applied DEA model to measure efficiency. 
Measurement of efficiency using DEA is conducted in several fields; health care, 
banking, airlines, armed forces, education, manufact ring sector as well as construction 
industry.  
 
Construction industry have paid attention to the performance efficiency, where it is the 
main contributor to social development. Measures of performance efficiency are 
significant due to the interaction of labor, material, machines, subcontractors, capital, 
revenue and others. These measures are denoted as outputs and inputs. Policy makers in 
both developed and developing countries have recently paid attention to the performance 
efficiency of the construction sector in general, and construction firms in particular, 
because of the significant contribution to social and economic development in terms of 
GDP share and job creation. One aspect of concern, however, is that the sector may have 
negative impacts on the economy due to its extravagance in using resources. Numerous 
countries have been implementing reform programs to improve the operation efficiency, 
and there is a variety of criteria for assessments a d improvements, such as number of 
houses built and how efficiently the state and non-state firms are operating. In recent 
years, assessments of the construction firms’ operation have focused on their technical 
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efficiency and scale efficiency. Among various methods, DEA and SFPF (Stochastic 
Frontier Production Function) are the most frequently used (Nguyen and Giang, 2005). 
 
Nguyen and Giang (2005) applied DEA to estimate the performance efficiency of 2298 
Vietnamese construction firms in 2002. Net revenue is considered as output, where the 
average number of laborers in the year and net capial are considered as inputs. The firms 
considered in the study are state and non-state firms. The results showed that the average 
pure technical efficiency of these firms was 58.6%. The study also showed that state firms 
were more efficient than non-state ones.  Studies attributed the low efficiency of 
construction projects to significant extravagances, where the percentage of wasted funds 
of construction projects ranged between 25% to 59%, in addition to the fact that they 
were consuming huge amounts of inputs and a long period of performance. 
    
Edvardsen (2003) used DEA to analyze the performance efficiency of Norwegian 
construction firms. Revenue as output in the DEA model was categorized based on the 
type of construction, i.e., residential construction, non-residential construction, and civil 
engineering construction. Inputs were external expenses (materials, subcontractors, 
energy, transportation, etc.), labor in man-year, and capital. The estimated results of the 
sample had an average efficiency score of 83.4%. The most efficient building firms are 
characterized by high average wages per hour, low numbers of apprentices, and high 
numbers of hours worked per employee. 
The role of average number of employees, capital, materials costs, subcontractors 
payments, and social costs as inputs to produce gross output are considered in studying 
the slow productivity growth of the Norwegian building industry by Rolf and Finn 
(1990). 
 
A study performed to investigate the performance effici ncy of 104 construction projects 
in Sweden in the period 1989-1992 using DEA analysis. The output was value added, 
where the inputs were costs of staff, workers and machines. The results showed a 
substantial difference between efficiency scores of c nstruction projects. It was 
concluded that the additional works due to the customers' requirements, educational level 
of the workers, hours worked by managers at construction sites, and the participation of 
workers in planning did not have any effect on the efficiency of any type of construction 
projects (Jan, 1996). 
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Chau and Wang, (2003) in their study of factors affecting the productive efficiency of 
construction firms in Hong Kong, attempts to measure the productive efficiency of 
construction firms using DEA techniques. The used inputs of the study are; capital, labor, 
materials, and office overhead expenses. The capital is measured by the mid-year value of 
fixed assets owned by the company plus the cost of rents paid for hiring assets. The labor 
is measured as head counts (direct employees, owners, unpaid family workers, and labor). 
Materials and office overhead expenses are measured by payments for construction 
materials, suppliers, fuel, electricity, water, and maintenance services. The considered 
output was the total value of work done. The same inputs and output are applied in a 
study of an assessment of the technical efficiency of construction firms in Hong Kong, 
which conducted by Wang and Chau, (2001) to evaluate the technical Efficiency Ratio 
(ER) of construction firms using DEA approach. The study of the technical efficiency 
ratios of Hong Kong’s construction industry over the observation period of 1981-1996 
concluded that the average annual rate of technical efficiency growth was 0.83%. 
 
2.3.5 Efficiency Measures in Construction Industry 
 
Efficiency measures are denoted as outputs and inputs. (Abdel Razeq, et al., 2001) 
defined both construction inputs as all resources and parties involved in the construction 
process and construction outputs as the construction facilities. Efficiency in the 
construction industry is affected by labor, equipment, materials, construction methods and 
staff of site management (Arditi and Mochtar, 2000). 
 
El-Mashaleh, et al., (2007) pointed out that the starting point of measuring efficiency 
would be to breakdown the inputs of a construction company (DMU) into three 
managerial policies: 
•  Equipment policies: equipment hours, sum of depreciation of capital equipment owned 
and expenses on capital equipment leasing, average m intenance expense as a percentage 
of equipment book value. 
•  Workforce policies: labor hours. 
•  Technical staff policies: expenditure on technical st ff (salaries, training, etc.). 
As for the outputs, each type of work performed by a company to be an output of that 
company. In other words, we treat the physical quantities installed in place as outputs (i.e. 
SM of buildings units, MR of roads, sum amount of performed works).  
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Table 2.2 summarizes measures (variables) of efficiency that found in literature classified 
according to authors. The Table shows that there is aconsensus among authors to 
consider the labor and materials as input variables, where the percentages of authors who 
considered capital, machines, and subcontractors wee 57%, 43%, 43% respectively. The 






































Labors: average number of the year. 
Net capital. 
   Net revenue. 
Edvardsen, 
(2003). 
External expenditure include 
materials, subcontractors, energy, 
transportation, labors in Man-Years, 
and capital. 
    Gross output value of 
residential buildings, non-
residential buildings, civil 
engineering. 
Jan, (1996) Cost of staff, workers, and 
machines. 
Value added. 
Chau and Wang, 
(2003) 
Capital: The mid-year value of 
fixed assets owned by the company.   
Labor: Measured as headcounts. 
Materials, and office overhead 
expenses: payments for 
construction materials, suppliers, 
fuel, electricity, water, and 
maintenance services. 




Equipment policies: equipment 
hours, sum of depreciation of 
capital equipment owned and 
expenses on capital equipment 
leasing, average maintenance 
expenses as a percentage of 
equipment book value.  
Workforce policies: labor hours. 
Technical staff policies: 
expenditure on technical staff 
(salaries, training, etc.) 
Square meter of buildings 
units, meter run of roads, 
sum amount of performed 
works. 
Chau and Walker 
(1988) 
Labor, material, plant, Equipment, 
and overheads 
Gross output 
Rolf and Finn 
(1990) 
Annual average number of 
employees, capital, material costs 
M), subcontractors Payment (S), 
social costs. 
Gross output (G.O). 






This chapter describes the methodology used to meet th  objectives of the research. It 
describes the field survey, data gathering and methods used in analysis. The study 
consists of questionnaire and case study. A questionna re is developed to collect data 
about efficiency measures, and to investigate the tools and techniques used to measure the 
efficiency of construction companies. The case study aims to apply the technique of DEA 
in measuring the efficiency of the selected sample of construction companies in Gaza 
Strip. The adopted methodology in this research passed mainly through the following 
stages: 
 
3.1 Research Design 
In this research, a structured questionnaire is design d to gather data, and investigate the 
main variables used. Derived variables are used to collect data of companies that 
participate in the case study to measure their effici ncy. Figure 3.1 shows the flow chart 
of the research methodology. 
 
3.2 Research Location and Period 
The research was carried out in the five governorates of Gaza strip to measure the 
efficiency of construction companies over the years of 2002 to 2006 (only five Years).  
3.3 Experts Opinion Investigation 
3.3.1 Contractors Opinion 
After the researcher conducted a comprehensive literature review, personal interviews 
were used to obtain the data relevant to the local measures used by construction 
companies in performing their activities. The researche  defined twelve veteran 
contractors to meet them. Face-to-face interviews conducted in which the researcher 
(interviewer) introduced an overview of investigating the measures of both inputs and 
outputs subject in construction industry. The researcher listened to the respondents 
(general managers, their assistants, or projects managers of the companies) inquiries, then 
the inquiries were answered. Another interviews conducted after data analysis to show 





Figure 3.1 Research Methodology Flowchart 
 

















































3.3.2 Participants Opinion 
Other participants in construction industry include three academic experts, and three 
consultants interviews are conducted to investigate their opinions about the adopted 
measures of efficiency.   
3.4 Description of Data 
The data of the research that needed to measure the effici ncy of construction companies 
is based on the data obtained from literature review, and experts opinion supported with 
the participants (professional consultants, academic experts and the researcher 
experience). These data include the inputs and outputs (called measures, or variables, and 
rarely factors) that can be potentially used to define the efficiency of construction 
companies. Tables 3.1a and 3.1b classified the measures of efficiency for both input and 
output variables, respectively, according to authors or data source. Each Table consists of 
two columns; the first column illustrates the variable where the second shows the data 
source. For example at Table 3.1a the labor is considered as input variable as shown in 
the first column, where the second column shows the data source which it was conducted 
by Nguyen and Giang, (2005), Edvardsen, (2003), Jan (1996), Chau and Wang (2003), 
El-Mashaleh, O'Brien, and London (2001), Chau and Walker (1988), Rolf and Finn 













Table 3.1a Input Variables Classified According to Data Source 
Input Variables Author/ Data Source 
Labor Nguyen and Giang, (2005), Edvardsen, (2003), Jan
(1996), Chau and Wang (2003), El-Mashaleh, O'Brien, 
and London (2001), Chau and Walker (1988), and Rolf 
and Finn (1990). 
Capital Nguyen and Giang, (2005), Edvardsen, (2003), Chau and 
Wang (2003), and Rolf and Finn (1990). 
Materials Edvardsen, (2003), Chau and Wang, (2003), and Rolf and 
Finn (1990). 
Subcontractors Edvardsen, (2003), and Rolf and Finn (1990). 
Energy Edvardsen, (2003). 
Machines Jan, (1996), El-Mashaleh, O'Brien, and London (2001). 
Overheads Chau and Wang, (2003). 
Management Staff Experts interview and Researcher experience. 
Health and Safety Experts interview. 
Company's experience. Experts interview. 
Company's age. Experts interview. 
Geographic location of 
the company's office 
Experts interview. 






Company's reputation. Researcher experience. 








Table 3.1b Output Variables Classified According to Data Source 
Output Variables Author/ Data Source 
Profit Nguyen and Giang, (2005), Edvardsen, (2003), Jan 
(1996), and Rolf and Finn (1990). 
Performed works El-Mashaleh, O'Brien, and London (2001). 
Sum amount of 
performed works 
Chau and Wang, (2003), and El-Mashaleh, O'Brien, and 
London (2001). 
Awarded contracts Expert interview. 
Based on data shown in Table 3.1a and Table 3.1b the researcher considered the measures 
mentioned in the following section. 
3.4.1  Efficiency Measures (Variables) 
The measures of efficiency are classified into two types; input measures and output 
measures. Input measures can be summarized in the following variables: 
1. Labor. 
2. Subcontractors. 
3. Company capital. 
4. Cash flow. 
5. Materials. 
6. Equipments and machines. 
7. Head office Expenditure. 
8. Company properties and assets. 
9. Company age. 
10. Energy and consumed materials. 
11. Company experience. 
12. Health and safety. 
13. Management staff of the head office. 
14. Company reputation. 
15. Geographic location of the company's head office. 
Also, the output measures can be summarized in the following variables: 
1. Gained profit.  
2. Annual amount of awarded contracts. 
3. Annual amount of executed works.   
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3.5 Research Population 
Table 3.2 shows the population of this study. It is limited to construction companies of 
the first grade of specialization registered by the national classification committee in the 
years 2006 and 2007. Only the years 2006 and 2007 are considered to ensure that these 
companies are still in the market and vital in the construction industry. The national 
classification committee mainly consists of Palestinian Contractors Union (PCU) and 
Central Tendering Department in the Ministry of Public Works and Housing (MPW&H). 
According to the national classification committee regulations, any contractor can be 
classified in more than one field of work with different grades in different fields if the 
contractor meets the required conditions. 
Also, population included candidate companies fulfilled documents and meet conditions 
to obtain the first grade in any main construction fields, but they are not classified due to 
internal crisis between Gaza Strip and West Bank that happened in 2007. 
Table 3.2 The population study 
Construction Field Grade 
Buildings. 1st grade (A & B) 
Roads. 1st grade (A & B) 
Water and Sewage. 1st grade 
Electromechanical works. 1st grade 
 
So, one contractor can be classified under the first g ade in one field, and under the 
second grade in another field, and so on. Most companies have a combination of different 
fields and different grades and it is very difficult to find a company specialized in one 
field only. The limitations of the selected grade of c nstruction companies are related to: 
• The common and large projects were executed by the highest grade companies, 
which help the researcher to apply distinguished case study. 
• Construction companies of the highest grade in buildings, roads, water and 
sewage, and electromechanical works represent the leading companies in Gaza 
strip and they performed a big amount of executed works. 
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• Most of the first grade companies are still keeping the main documents required 
for the research relating to case study as expressed by contractors during experts 
interviews. 
•  They can deal with the researcher study as a result of their experience and 
knowledge, where they commonly employed innovative staff. 
• Similarity between these companies that they have approximately the same 
characteristics, circumstances and practice to ensur  using the same technology 
which is an exigent requisite for applying the technique of DEA. 
• These companies are the leading construction companies i  the local market and 
having the most homogenous inputs and outputs. 
• These companies have the same environment of competition in the local market of 
the project size, that means similarity in competition opportunities. 
3.6 Sample size Determination 
A sample is a small proportion of a population select d for observation and analysis. 






−××=                                                                                3.1 
Where SS = Sample Size. 
Z = Z Value (e.g. 1.96 for 95% confidence interval). 
P = Percentage picking a choice, expressed as decimal, (0.50 used for sample size 
needed). 














=                                                                                      3.2 
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Where pop is the population = 48 match the proposed grade of contracting companies 








The targeted contractors sample, which was determined according to equation 3.2 were 
43. Because of limited number of construction companies that represent the population, 
the researcher intent to consider a comprehensive population of the 48 companies. Forty 
eight questionnaires were printed, but only 42 of them are distributed and received by 
companies. The 42 questionnaires were returned fully completed, which represent 98% of 
the targeted contractors sample and 88 % of the population. (No ways found to contact 
any of the remaining part of 6 companies because of the standstill of construction 
activities during the study period due to unjust blockade and companies coercive lockup). 
 
 
3.7 Data collection 
 
As result of literature review, researcher experience and experts opinion investigation, a 
structured questionnaire tool is used for data colle tion. 
3.7.1 Questionnaire Design and Contents 
Based on the measures of inputs and outputs related to measuring efficiency of 
construction companies generated from combining the results of literature review, 
meetings and interviews with general contractor, academic experts, consultants and 
researcher experience, a structured questionnaire ws developed to facilitate the research 
study. All information that could help in achieving the study objectives, were collected, 
reviewed and formalized to be suitable for the survey study. The questionnaire aims to 
estimate the relative weights of each efficiency variables (measures) to select the most 
important variables when apply the technique of DEA in the case study. The mentioned 
estimation represents the targeted companies' opinion who are involved and acquainted 
with the most resources (inputs) and products (outputs) of their field. After many stages 
of brain storming, consulting, amending, and reviewing executed by the researcher with 
the supervisors, the research questionnaire was finalized and became ready for 
distribution. The questionnaire design was composed of three sections and a cover letter 
to motivate the respondents to participate. The three sections are drafted to accomplish 
the aim of this research, as follows: 
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1. The first section explains some of the main concepts that have to be made easy 
answers. 
2. The second section includes the respondents information (company profile). 
3.  The third section represents the questionnaire core. It is requested to rate the 
importance of the efficiency measures and to compose their opinion about some 
questions relevance to the subject. 
 
The survey questionnaire was conducted to determine the viewpoints of the studied 
population sample regarding the efficiency of construction companies. three pages 
questionnaire accompanied and prepared to be sent to the studied population. 
 
The cover letter explained the aim of the research and states that the results of the 
questionnaire would be used to improve the construction ompanies' efficiencies. A close-
ended questionnaire was used for its advantages. Thee advantages are such as it is easy 
to ask and quick to answer, they require no writing by either respondents or interviewer. 
 
Table 3.3 shows the ordinal scale used in this reseach. The researcher used Likert 
quintuple criterion to measure and examine the answers of the questionnaire questions. 
The answers were limited to the ordinal scale which it is a rating data that normally uses 
integers in ascending or descending order. The numbers assigned to the importance or 
degree of importance (1, 2, 3, 4, 5) do not indicate that the interval between scales are 
equal, nor do they indicate absolute quantities (Naoum, 1998). 
 











Degree 1 2 3 4 5 
The survey questionnaire was prepared in Arabic langu ge (Appendix 1-A). The 
questionnaire was then translated into English languge (Appendix 1-B) and reviewed by 
an academic eloquent expert acquainted with the Arabic version. The Arabic version of 
the final questionnaire was printed and distributed to the construction companies to be 





3.7.2 Pilot Study 
 
A pilot study was conducted before starting collecting data to test the meaning of the 
questions and making sure that the questions are clear and understandable without 
duplications in the meanings. It was conducted by distributing the prepared questionnaire 
to two panels of experts - having experience in the field of the research - to collect their 
remarks on the questionnaire and testing the questionna re validity. Generally speaking, it 
appeared that the two panels had no difficulty in understanding the items to complete the 
questionnaire since the questionnaire was studied thoroughly as mentioned before. After 
the preliminary testing, a pilot study was conducted o evaluate the questionnaire by 
distributing the questionnaire to a sample of 15 companies. 
 
3.7.3 Instrument Validity of the Questionnaire by Arbitrators  
 
The pilot study was conducted by distributing the prpared questionnaire to two panels of 
experts having experience in the field of the research to have their remarks on the 
questionnaire. The first panel, which consisted of ten experts (two concerned academic 
lecturers, one owner, three project managers, one consultants, and four expert 
contractors), were asked to verify the validity of the questionnaire topics and its relevance 
to the research objective. The second panel, which consists of two experts in statistics, 
was asked to identify that the instrument used was v lid statistically and that the 
questionnaire was designed well enough to provide relations and tests among variables. 
 
Expert comments and suggestions were collected and evaluated carefully. All the 
suggested comments and modifications were discussed with the supervisors before taking 
them into consideration. At the end of this process, some minor changes, modifications 
and additions were introduced to the questions and the final questionnaire was 
constructed. 
 
3.7.4 Instrument Validity by Pilot Study 
 
After the preliminary testing, a pilot study was conducted to evaluate the questionnaire. 
The researcher distributed the questionnaire to a sample of 15 persons. Generally 
speaking, it appeared that the respondents had no difficulty in understanding the items or 




3.7.5 Instrument Reliability 
The reliability coefficient of the scale was established by Cronbach's Alpha using 
Statistical Package for the Social Science (SPSS). The reliability coefficient resulted by 
Cronbach's Alpha for 15 samples. The reliability coeffici nt found for input variables is 
0.795 and for output variables is 0.922. This range is considered high; the result ensures 
the reliability of the questionnaire. The reliability coefficient resulted by Guttman Split-
Half for input variables is 0.822 and for output variables is 0.843 which mean highly 
significant. 
3.8 Case Study 
After analyzing the field survey data, the variables of efficiency and the model are 
derived as illustrated in the next chapter. Since the purpose of this study is to measure the 
efficiency of construction companies in Gaza Strip, data about the case study were 
collected to attain the remaining objectives research. The case study method was applied 
to companies which demonstrated a desire to participa e in the case study through a 
positive reply on question of the questionnaire andthe other companies abstained when 
they realize that the required data are burdensome. 
 
3.8.1 Case Study Forms 
 
Data of case study is collected through special forms prepared by the cooperation 
between a group of 4 general contractors and the res a cher to avoid any embarrassing 
data. Also, the forms were prepared in Arabic language (Appendix 2-A). The forms were 
translated into English language (Appendix 2-B) and reviewed by an academic eloquent 
expert acquainted with the Arabic version. The forms aimed to obtain the variables 
amount of input and output of construction companies to measure their efficiency. To 
achieve the study objectives the illustrated forms in (Appendix 2) are used to collect the 
required data. 
 
1. Form (1) and Form (2) Summary of the Company Case Study: it deals with both 
input and output variables of the company over the study period of (2002- 2006). It 
consists of two parts; the first one (Form 1) summarizes the input variables for each year 
of the case study and the annual rate round the years of the study, and the other part 
(Form 2) summarizes the components of output variable for each year of the case study 
and the annual rate round the years of the study. 
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The inputs of the case study due to the field survey analysis were materials (M), labor 
cost (L), cash flow (CF), subcontractors (SUB), equipment and machines (EM), and 
management staff of the head office of the company (MS). The output of the case study 
was the amount of executed works in the fields of buildings, roads, water and sewage, 
electromechanical, and sundries (EW). Both input and output variables of each company 
are posted to the summary of the companies case study ub Excel sheet mentioned in 
clause 9 hereafter. 
 
2. Form (3) Cost of Used Materials: used materials in this form are classified into the 
five years of the study.  
 
3. Form (4) Labors Expenditures: labor expenditures in this form are classified into six 
categories of fees for each year of the study;  I) project managers, II) engineers, III) 
surveyors, foremen, technicians, IV) permanently labors, V) temporary labors, and VI) 
additional fees. 
 
4. Form (5) Possessed Cash Flow: in this form the contractor is asked to record 
possessed cash flow for each year of the study. 
 
5. Form (6) Amount of Executed Works by Subcontractors: this form is aimed to 
count payables payments which they are reflect the amount of executed works by 
subcontractors. Payables payments are summed for each y r individually and posted to 
the input summary of form (1). 
 
6. Form (7) Value of possessed equipments and machines: this form is prepared to 
allow contractors to exhibit and estimate the value of possessed equipments and machines 
for each year individually. 
  
7. Form (8) Number of Head Office Staff: it is the unique form that reflects a number, 
where all other inputs and output are currency except the head office staff is in head 
count. It includes all employees, managers, engineers, accountants, secretaries and 
servants. 
 
Inputs Forms (3-8) are summed separately and posted to the inputs summary of the form 
(1). All mentioned forms (1-8) are belong to the study period, which is limited between 
1/1/2002 to 31/12/2006. 
 
8. Form (9) Payable Interim and Final Payments: this Form is aimed to count payables 
interim and final payments which they reflect the amount of executed works (output). 
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Payables payments are summed for each year individually and posted to the output 
summary in form (2). 
To facilitate data gathering, and to motivate respondents to respond, the researcher asked 
the companies that have databases and balance sheets abou  the study period (2002- 2006) 
to record only form (1) and form (2). 
The nine forms mentioned above were distributed to the participant companies to fill the 
required data of the case study. 
   
9. Summary of the Companies Case Study: data were collected by form 1 and form 2 
are gathered in the summary of the companies case study. It is the master form, it deals 
with both input and output variables of construction companies that participate in the case 
study. It consists of six Excel sub sheets. The firstsub sheet concerning the first year of 
the study (2002), the second concerning the second year of the study (2003), the third part 
concerning the third year of the study (2004), the fourth part concerning the fourth year of 
the study (2005), the fifth part concerning the fifth year of the study (2006) and last one 
concerning the annual rate round the years of the study from (2002) to (2006). These 
forms are prepared as Excel sub sheets and shown in the chapter 4, Tables 4.3a, 4.3b, 
4.3c, 4.3d, and 4.3e over the years; 2002, 2003, 2004, 2005, and 2006 respectively. Also, 
Table 4.4 is an Excel sub sheet shows the averages of input variables over the period 
study (for example, one of these Excel sub sheets is shown in this chapter in Table (3.4). 
 
 
3.8.2 Form Validity 
 
After completion of the tables' forms, the researche  distributed seven of them to 
construction companies to investigate its validity. The researcher modified the forms as 
advised by the panel, then they attached to a covering letter and distributed to the 



















1 C1 328514.4 305678.2 124453.8 0 33964.2 10 679285.6 
2 C2 636166 134244 60000 396312 32800 5 1279826 
3 C3 838000 52400 45000 57600 29600 10.6 1116053.2 
4 C4 732607.6 368220.6 163193.8 54923.6 114000 10.8 1318498 
5 C5 1134400 343280 0 203800 0 4.8 1870000 
6 C6 355000 137000 112000 0 22000 5.2 530000 
7 C7 1235200 324000 318000 487000 310000 10 2803400 
8 C8 1100000 66000 220000 152000 100000 12 1523000 
9 C9 1264000 309760 95787.8 364200 75800 11.2 2239183 
10 C10 215974 56470 46000 66310 15000 5 418000 
11 C11 323800 115680 76000 211200 42000 5 704000 
12 C12 3345600 836400 1618000 1115200 126000 5 5576000 
13 C13 2760000 430000 224000 1080000 1673000 23.2 5828800 
14 C14 664160.4 110044.4 47200 0 42000 7.2 898577.6 
15 C15 2221000 102000 500000 2530000 1580000 13.6 4880000 
16 C16 686000 93600 91400 45000 32000 6 916200 
17 C17 930500 93050 500000 101500 780000 8 1347500 
18 C18 562200 159200 560000 0 125000 5 951156.6 
19 C19 1020500 103120 23560 718000 45000 18.4 206380 
20 C20 1977600 139346 128000 2222600 246000 18 4429200 
21 C21 440600 111500 91000 197100 140000 5.6 819000 
22 C22 808000 171200 37000 733000 134000 7 1807920 
Total 23579822.4 4562193.2 5080595.4 10735745.6 5698164.2 206.6 43999400 
Average 1071810.11 207372.42 230936.15 487988.44 259007.46 9.391 1999972.7 
 
    
3.8.3 Participant Companies 
  
This stage mainly depends on identifying a certain number of construction companies 
have willingness to participate in the study and providing the required data. The invited 
construction companies to participate in the research case study are shown in Table 3.5 
The number of companies relative to the number of input and output measures must be 
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large enough to ensure that meaningful efficiency values are obtained. A rule of thumb is 
given by Banker et al. (1984) and suggested by Moreno and Tadepalli (2002) as: 
3
nmk ≤+          Banker et al. (1984) and Moreno and Tadepalli (2002). 
nmk ≤×              Bowlin (1998). 
where k is the number of inputs, m is the number of outputs, and n is the number of 
companies (DMUs). Moreover, this rule of thumb is not universally accepted. In this 
study, the number of input variables is 6, and only one variable of output. To satisfy the 
two above equations, the required number of participant companies is greater than 21, and 
6 respectively. Therefore, 22 construction companies participated in the study are 
satisfied the above two equations. 
 
3.8.4 Distribution of Case Study Forms 
  
To collect the required data of the case study, the nin Arabic version forms of the case 
study was distributed to all invited construction companies mentioned in Table 3.5 
through personal interview. The researcher briefly illustrated the objective of the needed 
data and explained the suitable way to fill the forms in a sound manner. The interviewees 
asked to fill the required data during few days depending on how the time they needed. 
The needed time is recorded on researcher's calendar. After the completion of the 
recorded needed time, the researcher pursued the respondents through telephone and 
mobile to regain the completed forms of case study. Uncompleted forms were given 
additional time over and over to obtain more forms as much as possible. 
 
All the forms were reviewed by the researcher to find out incorrect data. Incorrect data 
were manipulated after contacting the respondents ad some respondents who commit 
serious mistakes were asked to correct them and fill new forms. All collected data after 
reviewing, manipulating and modified were transcribed in mentioned excel sheets 
illustrated in Tables 4.3a, 4.3b, 4.3c, 4.3d, 4.3e, 4.3a and 4.4b. 
 
3.8.5 Case Study Limitations 
 
The limitation of the study period is related to;  i)  ensure that these companies are still 
vital in construction industry; ii) the outbreak ofAL-Aqsa Intifada in 2000 succeeded 
with a depression period until the last of 2001, then return to relatively revival that enable 
the researcher to avoid the depression period; and iii) to ensure that data is still available 
and kept by companies for the last years. 
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Table 3.5 Invited Construction Companies 
No. Company's Name Location 
1 Al-Farra Bro's Khan-Yunis 
2 Arrabeta Khan-Yunis 
3 Salamat Al-Emar Khan-Yunis 
4 Zi-Qar Khan-Yunis 
5 Amer Bro's Khan-Yunis 
6 Majedco Khan-Yunis 
7 Eivel Rafah 
8 Ata Sons Rafah 
9 Arrewaq Rafah 
10 Annael Rafah 
11 Salah-Eddin Rafah 
12 Abu Shamala Rafah 
13 Hatawi Rafah 
14 Hjazi Gaza 
15 Massoud & Ali Gaza 
16 Darweesh Abu Maileq Gaza 
17 Ashehabeya Gaza 
18 Mushtaha & Hasonna  Gaza 
19 Palestinian Development Company (PDC)   Gaza 
20 Abu Ziada Gaza 
21 Saqa & Khudhari Gaza 
22 Khudhari for Engineering & Contracting Gaza 
23 Golden Sand Gaza 
24 Abdel-Hakeem Ismael Gaza 
25 Abnaa Hashim El-Khozindar Gaza 
26 International Bonian Group Gaza 
27 Osama K'heel Gaza 
28 Abu Dalal Gaza 
29 Abu Kmail Sons. Gaza 
30 Abu Shamala & Abu Dan Gaza 
 
3.9 Method of Data Analysis 
To achieve the research objectives, data analysis focused on identifying issues that may 
characterize measures of efficiency. To analyze collected data by questionnaire and forms 
of case study, the researcher used two softwares. 
 
The first is the Statistical Package for the Social Science (SPSS) program that used for 
manipulating and analyzing the collected data by the questionnaire. The factor analysis 
was conducted for both input and output variables. Where the analysis of suggested 
variables produce strong variables and excluded the lepto-variables. Analysis of 
questionnaire is shown (Appendix 1-C). 
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The second software is the Efficiency Measurement Sysem software package (EMS 
version 1.3) that used to measure the relative overall technical efficiency of construction 
companies working in Gaza Strip using the technique of DEA under the CCR and BCC 
models. Input oriented model was used because the output of the study is out of the 
company control. The output is controlled by the employer (owner) and contractors 
competition in awarding contracts. Also, the same software is used to find out the 
necessary improvements for inefficient companies in order to become efficient. EMS is 
free, flexible and can deal with huge number of DMUs. There are many options to use in 
model structure such as returns to scale, and model orientation. 
 
EMS, characterized by an advantage of super efficiency scores, that is like the standard 






















Results and Analysis 
 
This chapter describes the results obtained from the analysis of field survey and case 
study. It is mainly divided into five sections; the first one handles the field survey 
statistical results and the approaches used to identify the important measures of 
efficiency. The second section tackles selected variables. The third section describes the 
model building. Where the fourth section describes ca e study collected data. Finally, the 
fifth section deals with case study results, EMS estimated results, potential improvements 
of inefficient DMUs and the findings of the case study objectives. 
  
4.1 Field Survey Statistical Results                          
4.1.1 Respondents Characteristics 
Figure 4.1 shows the characteristics of respondents that participate in the field survey as 
follows:  
76% of the research data is obtained from the top management companies' members who 
occupy a managerial position in the construction companies (chairman, executive 
manager or assistant manager), and 24% of data is obtained from project managers of 
construction companies. The top level positions of the respondents increases the 
confidence and accuracy of the results and also expresses the respondent's high concern to 
deal seriously with the case study after. 
  
4.1.2 Determining the Vital Measures of Efficiency 
 
The weighted average and factor analysis approaches were conducted to identify model 
variables. In this study, these approaches were adopte  and applied on ranking data of the 
variables of both inputs and outputs to measure the efficiency as presented in the 
questionnaire. The results are discussed in subsequent sections and the appropriate model 
that takes into account the most important variables is used to measure the efficiency of 
construction companies in Gaza Strip. 
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Project Manager Opinion; 
24%
Top Managemant Opinion; 
76%
 
Figure 4.1 Characteristic of Respondents  
 
Approach 1: The Weighted Average Approach 
 
In order to be able to select the appropriate method of analysis, the level of measurement 
must be understood. For each type of measurement, there is an appropriate method that 
can be applied and not others. In this research, interval scales were used. The scale was 
divided into 5 points ranging from 1 (not important) to 5 (very important). Frequency 
distribution and the percentage of different items are presented in appendix (1-C). 
 
The respondents were asked to rank the input and output variables according to their 
importance by scores from 1 to 5. The most important v riables will be selected and used 
in building the model that measures the relative effici ncy of construction companies in 
Gaza Strip. 
To determine the relative ranking of the variables, these scores were then transformed to 







2345 ++++== ∑                                                         4.1 
Where; 
∑W , weighted sum of the variable. 
N, the total number of respondents. 
1n , the number of respondents who answered "not important".  
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2n  the number of respondents who answered "some important". 
3n  the number of respondents who answered "medium important". 
4n  the number of respondents who answered "important". 
5n  the number of respondents who answered "very important". 
 
The main input and output variables are organized in escending order of priority. The 
results of weighted average of both input and output variables scores are shown in Table 
4.1a, and Table 4.1b. Therefore, the measures with averages above 4 were considered as 
very important to extremely important. 
 
Table 4.1a Average Weights of Inputs Variables 
Average Input Variables (Measures) Priority Order 
4.6 Used materials (M).  1 
4.55 Labor (L).  2 
4.36 Available cash flow (CF).  3 
4.19 Subcontractors (SUB).  4 
4.14 Equipments, and machines (EM).  5 
4.02 Number of management staff (MS).  6 
3.52 Energy and consumed materials (CM).  7 
3.10 Company's assets and properties (AS).  8 
3.0 Company's age (CA).  9 
2.98 Company's reputation (R).  10 
2.93 Company's experience (E).  11 
2.88 Formal recorded capital (C).  12 
2.83 Health and safety (HS).  13 
2.4 Geographical location of company (GL).  14 
2.33 Head office expenditure and overhead (HO).  15 
 
 
Table 4.1b Average Weights of Output Variables 
Average Output Variables (Measures) Priority Order 
4.52 Gaining Profit (P). 1 
4.19 Annual amount of executed works (EW). 2 
2.69 Annual amount of contracts (CS). 3 
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Approach 2: Factor Analysis for Main Measures of Eficiency 
 
This technique was applied in this study to identify a relatively small number of variables 
that can be used to represent relationships among other variables. In the following section 





To determine how many variables will be needed to represent the data, the 15 input 
variables and the three output variables were assumed to be independent variables. The 
percentage of total variance of each variable is examined. The total variance is the sum of 
the variances of each variable. Since both the 15 variables of input and 3 variables of 
output are standardized to have a variance of 1, so the total variances are 15 and 3 
respectively. 
 
Table 4.2a and Table 4.2b show the statistical analysis for input and output variables. The 
total variance explained by each variable is listed in the column labeled "Eigen value". 
The next column contains the percentage of the total variance attributable to each 
variable. For example, variable 2 has a variance of 2.37 which is 15.80 percent of the total 
variance of 15. The last column, the cumulative percentage, indicates the percentage of 
variance attributable to that variable and those that precede it in the Table. 
 
The Common procedure has been proposed for determining the number of variables to 
use in a model is that only the variables that account for variance greater than 1 (Eigen 
value greater than 1 should be included) (Chan and T m, 2000). 
 
Table 4.2a shows that almost 75.00 percent of the total variance of the input variables is 
attributed to the first 6 variables where each variable has an Eigen value greater than 1. 
The remaining 9 variables together account for only 25 percent of the variance. Also, 
Table 4.2b shows that almost 57 percent of the totalvariance of the output variables is 
attributed to only one variable where each variable has an Eigen value greater than 1. the 
remaining 2 variables together account for only 43 percent of the variance. Thus a model 
with 6 variables of input and one variable of output can be considered adequate to 














1.00 1 3.20 21.33 21.33 
1.00 2 2.37 15.80 37.13 
1.00 3 1.95 13.00 50.13 
1.00 4 1.42 9.47 59.60 
1.00 5 1.22 8.13 67.73 
1.00 6 1.09 7.27 75.00 
1.00 7 0.89 5.93 80.930 
1.00 8 0.63 4.20 85.13 
1.00 9 0.58 3.87 89.00 
1.00 10 0.50 3.33 92.33 
1.00 11 0.37 2.47 94.80 
1.00 12 0.28 1.87 96.67 
1.00 13 0.20 1.33 98.00 
1.00 14 0.16 1.07 99.07 
1.00 15 0.14 0.93 100.00 
 









1 1 1.709 57 57 
1 2 0.993 33.10 90.10 
1 3 0.298 9.90 100.000 
 
Also, Fig. 4.2a and Fig. 4.2b show scree plots of the total variance associated with each 
variable of input and output variables. 
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             Figure 4.2a Input Variables Scree plot 
               Figure 4.2b Output Variables Scree Plot 
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4.2 Selected Variables 
 
The first and arguably the most important step in carrying out the measurement of 
companies efficiency, is the identification of the input and output variables  
(Thanassoulis, 2003). However, it is worth to observe that there is no consensus on the 
issue which are the most appropriate variables to be applied in the analysis. As Paradi and 
Schaffnit (2004) noticed – "choice of inputs and outputs for DEA models is the subject of 
a never ending debate". 
 
Based on the results mentioned earlier of this chapter, the researcher suggests to consider 
6 input variables and only one output variables. Thesix input variables have the highest 
average weights of the input variables are shown in Table 4.1a. The suggested unique 
variable of output is the amount of executed works. Its average weight ranked second as it 
is shown in Table 4.1b. 
Yet, the researcher was obliged to disregard the most important variable of output 
variables (profit) and consider the second important one (amount of executed works). The 
justifications of the decision are related to: 
 
1. During the contractor's opinion investigation stage m ntioned in chapter 3, 
interviewees indicated that many construction companies (contractors) feel 
embarrassed when they are asked about profits and delay damages. They also, 
declare that they will not give information about profits . Some of them added that 
they will give a false number if they are asked about. 
 
2. Practically, the amount of executed works has a very ti d relationship with  gained 
profits, where profits in most cases are taken as a percentage of the contract 
amount. Profit may be increase or drop due to the existing state of the company. 
The existing state has a high connection to the amount f bids, amount of projects 
under execution, financial capacity of the company, currency fluctuation and other 
special or political conditions. Also, the statistical analysis shows a positive 
significance between profits and executed works, where the correlation factor 
between them was found to be 0.666 as shown in (Appendix 1-C). 





4.2.1 Description of Variables 
The relationship between the number of departments (DMUs) and the number of 
performance measures is important. The number of departments relative to the number of 
input and output measures must be large enough to ensur  that meaningful efficiency 
values are obtained. The number of both input and output variables depends mainly on 
the number of companies (DMUs). The least required number to apply DEA was 
identified earlier in chapter 3 to be 21 DMUs. 
I. Input Variables  
1- Used Materials (M) 
There is an impossibility to find a common homogenous unit that gathers between all 
types of materials, where some materials purchased by cubic meters, meter length, 
weight, or by pieces and so on. Therefore, the reseach r considered materials cost as a 
common attribute. 
2- Labor (L)  
 
During contractors opinion investigation mentioned in chapter 3, it was investigated a 
lack of document about labor account or working days or hours. Only the available data 
about labor was the cost. So, the researcher was forced to consider labor cost as a 
rationale measure for all companies with the regard to the fact that all companies has the 
same rate of wages. 
3- Cash Flow (CF) 
In view of the fact that, the formal recorded capitl of the companies does not reflect the 
financial capacity of construction company as it was investigated. The capital is recorded 
based on the contractors' satisfaction. Field study investigation reflected the significance 
of the cash flow to be considered. Cash flow is defined as the company balance and 
possessed money in the beginning of the year. 
4- Subcontractors (SUB) 
Numerous companies depend on subcontractors in achieving their activities partially or 
wholly. In most cases, some of construction activities need specialist contractors 
(subcontractors) who has superior experience in their fields and possessed equipment, 
machines, and technicians. Other contractors who do not have equipment and machines 
were executed the works activities by subcontractors. 
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5- Equipment and Machines (EM) 
The pilot study showed lack of document about equipment and machines hours, sum of 
depreciation value of the owned equipment and machines and average maintenance 
expenses. To overcome the lack of depreciation of equipment and machines value, the 
researcher considered the equipments and machines value at the beginning of the year to 
be as an indicator of their contribution to produce output.  
6- Management Staff (MS): 
It can be represented by the number of management staff in the head office that consists 
of top management, assistants, engineers, accountants, secretary, servants, and so on. 
Management staff is the responsible party of purchases, contracting, bidding, supreme 
supervision, supplying materials and technical support activities for different sites of the 
executed works. Number of management staff is considered because it is easy to obtain 
rather than cost because the cost encompasses with ambiguities. Cost management staff 
ambiguities return to companies policy, where some companies assign salary for every 
one of the management staff including sharers where oth r exclude the sharers. 
II Output Variables:  
1. Profit 
Profit has the first weight of the output variables, it was excluded due to justification 
mentioned earlier. Worth mentioning, the correlation factor between profits and executed 
works equal 0.666 which means that there is a positive relation between profits and 
executed works. 
2. Annual Amount of Executed Works (EW) 
Executed works have the second weight (average) of output variables, where the first one 
is the profit. The first variable is excluded because the contractos expressed in the 
contractor's opinion investigation mentioned earlier in chapter 3 that they are not willing 
to declare their profits and this variable is considered as a very private and top secret. The 
researcher substitutes the profit variable by the annu l amount of executed works. The 
annual amount of executed works have a very tied relationship with profits, where profits 
in most cases are taken as percent of the contract amount. 
Noteworthy, the output variables are expressed by the physical quantity of products. 
Commonly, physical products of construction companies are numerous, where contracts 
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are sometimes square meter, cubic meter, meter length, unit price and lump sum. 
Therefore, the annual amount of executed works is the most appropriate common 
attribute to express about output and can be considered as an indicator about the gained 
profits. 
Now, after the researcher investigated the most variables that have to be considered in the 
research, the model can be built.  
4.3 Model Building 
The developed model philosophy is suggested to be bas d upon the following: 
• Efficiency measurement is the trigger for performance improvement. 
• The concept of efficiency and performance changes due to time, environment, 
technology advancement and improvements. 
• Efficiency means perform everything efficiently from start to perfect completion. 
The study mainly aims to measure the technical effici ncy of construction companies 
which reflects the maximal outputs from a given set of inputs or the minimal inputs to 
produce a given set of outputs.  
Hence, with the inputs and outputs identified in the previous section, DEA model can be 
formulated based on virtual inputs and virtual outputs as follows: 
Virtual Inputs  
GLRMSHSECMCAASHOEMMCFCSUBLInput ++++++++++++++=    
EWCSPOutputs ++=    










The above general formula can be converted into an improved (compact) model 





=                               4.1 
Where: 
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E: Relative Efficiency of Construction Company. 
EW: Annual Amount of Executed Works (Output). 
M: Material Cost. 
L: Labor Cost. 
CF: Available Cash Flow. 
SUB: Subcontractors Cost. 
EM: Value of Owned Equipments and Machines. 
MS: Total Number of Management Staff. 
u : Given Weight to output. 
654321 ,,,,, vvvvvv :  Given Weights to Inputs. 
Transformation of the above fractional form into a linear programming as done by 
Charnes et al. (1978) for the current study which consists of 22 construction companies 









Subject to  








ij yuxv ,       22,....,2,1=j  
0, ≥ijj vu  
Where, θ  is the optimal objective value. 
Since the amount of executed works in construction sector is out of the company control 
because the amount of contracts often yields to the client's visibility, tendering process 
and invitation of offers which means that the amount of executed works is determined by 
clients. 
As such, our model takes an input-oriented rather tan an output-oriented approach. Both 
CCR and BCC input oriented model are applied to have high flexibility in choosing 
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between them. Using these models is very important in order to check whether all DMUs 
work at optimal scale or not. If the DMUs work at optimal scale then CCR model must be 
used otherwise BCC model must be used. 
4.4 Case Study Data  
As mentioned in the research methodology, data was collected in the following five 
Tables; 4.3a, 4.3b, 4.3c, 4.3d, and 4.3e over the years of 2002, 2003, 2004, 2005, and 
2006 respectively. Table 4.4 represents the averages of collected variables of input and 
output of the mentioned study period (2002-2006). These Tables mainly contain the 
selected input and output variables. The selected input variables are material (M), labor 
(L), cash flow (CF), subcontractors (SUB), equipments and machines (EM), and 



















Table 4.3a Values of Input and Output Variables in Year (2002) 
Input Variables 
No. DMUs 
M $ L $ CF $ SUB $ EM $ MS No. 
Amount 
of EW $ 
1 C1 0 0 0 0 0 10 0 
2 C2 213650 54750 50000 128360 22000 5 429940 
3 C3 750000 50000 45000 50000 30000 10 1002087 
4 C4 419930 206850 150764 17400 100000 6 742799 
5 C5 492000 16400 0 41000 0 2 820000 
6 C6 290000 110000 50000 0 10000 5 450000 
7 C7 863000 222000 320000 465000 315000 10 2138000 
8 C8 1600000 80000 100000 250000 100000 10 2275000 
9 C9 1435000 362800 39720 400000 55000 10 2570000 
10 C10 182300 60000 35000 57000 15000 4 360000 
11 C11 48600 20400 60000 36000 30000 3 120000 
12 C12 2628000 657000 1500000 876000 120000 4 4380000 
13 C13 1700000 250000 100000 400000 1300000 20 2860000 
14 C14 811730 135942 35000 0 40000 7 1033324 
15 C15 1952000 102000 400000 2000000 1300000 12 4500000 
16 C16 550000 90000 55000 110000 25000 6 822000 
17 C17 * * * * * * * 
18 C18 90000 26000 500000 0 68000 5 120000 
19 C19 1203500 130000 25000 680000 50000 16 2075000 
20 C20 2790000 188900 140000 1966000 270000 18 5010000 
21 C21 518000 155000 110000 186000 160000 5 968000 
22 C22 1886000 218000 23000 789000 110000 7 2993000 












Table 4.3b Values of Input and Output Variables in Year (2003) 
Input Variables 
No. DMUs 
M $ L $ CF $ SUB $ EM $ MS No. 
Amount 
of EW $ 
1 C1 526157 479425 213078 0 53270 10 1065392 
2 C2 371300 63460 50000 298400 30000 5 819770 
3 C3 670000 47000 55000 53000 28000 10 889881 
4 C4 373978 190456 140771 44118 100000 6 687017 
5 C5 840000 260000 0 103000 0 3 1290000 
6 C6 175000 65000 70000 0 10000 5 250000 
7 C7 1520000 367000 320000 428000 315000 10 3037000 
8 C8 0 0 100000 0 100000 10 0 
9 C9 910000 234000 73219 250000 55000 10 1785000 
10 C10 214800 65800 50000 67000 15000 5 430000 
11 C11 692000 255000 100000 450000 50000 6 1500000 
12 C12 2280000 570000 1520000 760000 120000 5 3800000 
13 C13 3000000 550000 170000 800000 1300000 22 11384000 
14 C14 739743 166584 104000 0 40000 7 1022867 
15 C15 2398000 98000 400000 2500000 1300000 12 5400000 
16 C16 410000 65000 75000 60000 35000 6 604000 
17 C17 * * * * * * * 
18 C18 735000 208000 500000 0 68000 5 1177783 
19 C19 1364000 115600 15000 550000 25000 16 2565000 
20 C20 1860000 162000 160000 2375000 270000 18 4446000 
21 C21 426000 123000 125000 214000 140000 6 830000 
22 C22 541000 138000 27000 860000 110000 7 1638300 












Table 4.3c Values of Input and Output Variables in Year (2004) 
Input Variables 
No. DMUs 
M $ L $ CF $ SUB $ EM $ MS No. 
Amount 
of EW $ 
1 C1 213567 172762 38393 0 19195 10 383916 
2 C2 426280 99800 50000 307600 32000 5 877550 
3 C3 1400000 80000 60000 90000 45000 15 1828284 
4 C4 688846 342883 164861 29670 110000 18 1206632 
5 C5 1890000 550000 0 285000 0 5 3150000 
6 C6 390000 140000 100000 0 20000 5 570000 
7 C7 1033000 277000 300000 332000 315000 10 2345000 
8 C8 500000 50000 300000 100000 100000 10 870000 
9 C9 410000 158000 49000 200000 55000 12 1426000 
10 C10 234770 52100 40000 52550 10000 4 405000 
11 C11 542800 204000 50000 360000 50000 6 1200000 
12 C12 3690000 922500 1660000 1230000 120000 5 6150000 
13 C13 2500000 450000 300000 700000 1300000 22 4400000 
14 C14 571356 94158 28000 0 40000 7 752320 
15 C15 2405000 103000 500000 2500000 1300000 12 4700000 
16 C16 1320000 153000 92000 0 35000 6 1617000 
17 C17 * * * * * * * 
18 C18 696000 217000 600000 0 153000 5 1270000 
19 C19 600000 70000 15800 710000 15000 19 1509000 
20 C20 1980000 118500 110000 3610000 220000 22 5915000 
21 C21 458000 115000 60000 194000 120000 5 835000 
22 C22 465000 169500 40000 807500 150000 7 1495300 












Table 4.3d Values of Input and Output Variables in Year (2005) 
Input Variables 
No. DMUs 
M $ L $ CF $ SUB $ EM $ MS No. 
Amount 
of EW $ 
1 C1 78504 83817 18626 0 9313 10 186260 
2 C2 782100 174260 80000 557900 40000 5 1718720 
3 C3 500000 30000 40000 35000 15000 10 698500 
4 C4 1879637 943738 162921 113422 130000 18 3345902 
5 C5 1100000 400000 0 190000 0 6 1860000 
6 C6 320000 130000 140000 0 20000 5 480000 
7 C7 1070000 350000 300000 790000 315000 10 3123000 
8 C8 1700000 100000 300000 170000 100000 15 1870000 
9 C9 1630000 306000 197000 400000 107000 12 2398915 
10 C10 243000 47800 50000 82000 20000 6 445000 
11 C11 312200 90500 120000 195000 40000 5 650000 
12 C12 3270000 817500 1690000 1090000 120000 5 5450000 
13 C13 3100000 400000 350000 1500000 2300000 24 4500000 
14 C14 661745 51510 17000 0 45000 7 867087 
15 C15 2248000 108000 600000 3000000 2000000 16 5500000 
16 C16 620000 85000 110000 55000 25000 6 853000 
17 C17 136000 107000 500000 61800 750000 8 340000 
18 C18 460000 110000 600000 0 168000 5 780000 
19 C19 980000 90000 27000 540000 60000 21 1670000 
20 C20 1890000 125330 100000 1737000 220000 17 3898000 
21 C21 297000 88000 80000 223000 130000 6 660000 













Table 4.3e Values of Input and Output Variables in Year (2006) 
Input Variables 
No. DMUs 
M $ L $ CF $ SUB $ EM $ MS No. 
Amount 
of EW $ 
1 C1 824344 792387 352172 0 88043 10 1760860 
2 C2 1387500 278950 70000 689300 40000 5 2553150 
3 C3 870000 55000 25000 60000 30000 8 1161514 
4 C4 300647 157176 196652 70008 130000 6 610140 
5 C5 1350000 490000 0 400000 0 8 2230000 
6 C6 600000 240000 200000 0 50000 6 900000 
7 C7 1690000 404000 350000 420000 290000 10 3374000 
8 C8 1700000 100000 300000 240000 100000 15 2600000 
9 C9 1935000 488000 120000 571000 107000 12 3016000 
10 C10 205000 56650 55000 73000 15000 6 450000 
11 C11 23400 8500 50000 15000 40000 5 50000 
12 C12 4860000 1215000 1720000 1620000 150000 6 8100000 
13 C13 3500000 500000 200000 2000000 2165000 28 6000000 
14 C14 536228 102028 52000 0 45000 8 817290 
15 C15 2102000 99000 600000 2650000 2000000 16 4300000 
16 C16 530000 75000 125000 0 40000 6 685000 
17 C17 1725000 79100 500000 141200 810000 8 2355000 
18 C18 830000 235000 600000 0 168000 5 1408000 
19 C19 955000 110000 35000 1110000 75000 20 2500000 
20 C20 1368000 102000 130000 1425000 250000 15 2877000 
21 C21 504000 76500 80000 168500 150000 6 802000 













Table 4.4 Summary of the Averages of the Variables Values (2002-2006) 
Input Variables 
No. DMUs 




of EW $ 
1 C1 328514.4 305678.2 124453.8 0 33964.2 10 679285.6 
2 C2 636166 134244 60000 396312 32800 5 1279826 
3 C3 838000 52400 45000 57600 29600 10.6 1116053.2 
4 C4 732607.6 368220.6 163193.8 54923.6 114000 10.8 1318498 
5 C5 1134400 343280 0 203800 0 4.8 1870000 
6 C6 355000 137000 112000 0 22000 5.2 530000 
7 C7 1235200 324000 318000 487000 310000 10 2803400 
8 C8 1100000 66000 220000 152000 100000 12 1523000 
9 C9 1264000 309760 95787.8 364200 75800 11.2 2239183 
10 C10 215974 56470 46000 66310 15000 5 418000 
11 C11 323800 115680 76000 211200 42000 5 704000 
12 C12 3345600 836400 1618000 1115200 126000 5 5576000 
13 C13 2760000 430000 224000 1080000 1673000 23.2 5828800 
14 C14 664160.4 110044.4 47200 0 42000 7.2 898577.6 
15 C15 2221000 102000 500000 2530000 1580000 13.6 4880000 
16 C16 686000 93600 91400 45000 32000 6 916200 
17 C17 930500 93050 500000 101500 780000 8 1347500 
18 C18 562200 159200 560000 0 125000 5 951156.6 
19 C19 1020500 103120 23560 718000 45000 18.4 2063800 
20 C20 1977600 139346 128000 2222600 246000 18 4429200 
21 C21 440600 111500 91000 197100 140000 5.6 819000 
22 C22 808000 171200 37000 733000 134000 7 1807920 
Total 23579822 4562193 5080595 10735746 5698164 206. 43999400 










4.5 Case Study Results 
 
4.5.1 Sample Characteristics 
 
Table 4.5 shows a statistical results of the input and output variables. The type and 
number of variables are listed in the column labeled “Type”. For example “I1” means the 
first input and “O” means the unique output. Significant differences were found between 
construction companies in the case study. For instance the input of the materials per year 
ranged between $215974 and $3345600 with an average of $1071810. Labors cost per 
year ranged between $52400 and $836400 with an average of $207372. Utilized cash 
flow per year ranged between $0.0 and $1618000 with an average of $230936. 
Subcontractors cost per year ranged between $0.0 and $2530000 with an average of 
$487988. Owned equipments and machines value per year ranged between $0.0 and 
$1673000 with an average of $259007. Number of management staff per year ranged 
between 4.8 and 23.2 persons with an average of 9.4 persons. 
 
Also, Table 4.5 shows at the last row the significant difference of output, where the 
amount of executed works ranged between 418000$ and 5828800$ with an average of 
$1999973. 
Table 4.5 Statistical Results of the Input and Output Variables 
Type 
(I/O) 
Variable  Min 
 
Max Average Std. Dev. 
I1 Used Materials (M). 215974 $ 3345600 $ 1071810 $ 816866 
I2 Labors (L). 52400 $ 836400 $ 207372 $ 180439 
I3 Cash Flow (CF). 0 1618000 $ 230936 $ 349997 
I4 Subcontractors (SUB). 0 2530000 $ 487988 $ 699076 
I5 Equipments & machines (EM). 0 1673000 $ 259007 $ 472716 
I6 Management staff (MS). 4.8 P 23.2 P 9.4 P 5.124 P 
O Executed Works (EW). 418000 $ 5828800 $ 1999973 $ 1658905 $ 
 
Table 4.6 shows the average contribution of each field of executed works associated with 
the companies and their percentage during the period (2002- 2006). Also, Fig 4.3 shows 
the same result in pie chart shape. 
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Table 4.6 Fields Contribution to Executed Works 
Projects 
Type 
Buildings  Roads  W & S  Ele-Mech  Sundries  Total 
Amount $ 19714806.6 13273589 5268164 5443280.8 299559.6 43999400 














Figure 4.3 Output's Components of executed works 
 
4.5.2 Results and Analysis of DEA 
Efficiency Measurement System (EMS) software "version 1.3" is used in this research to 
evaluate the relative technical efficiency of construction companies based on both CCR 
and BCC input oriented models. It is also used to find out the needed potential 
improvements of inefficient companies in order to reach 100% efficiency. 
 
EMS is free, flexible and can deal with huge number of DMUs. There are many options 
to use in model structure, return to scale, distance and model orientation. It successfully 
solved problems with over 5000 DMUs and about 40 inputs and outputs. It accepts data in 
MS Excel or in text format, EMS accepts Excel 97 and older. The inputs and outputs data 
should be collected in one work sheet and the user asked not to use formulas in this sheet, 
it should be only contain the pure data and nothing else. Some notes about dealing with 
EMS are follows: 
 
o The name of the worksheet must be "Data". 
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o The first line contains the input/output names. First inputs, then outputs. 
o Inputs names contain the string "{I}". 
o Outputs names contain the string "{O}". 
o The first column contains the DMUs names. 
The output of EMS contains score of each DMU, weights, benchmarks, reference 
sets as shown in snapshot in Fig. 4.4. 
Fig. 4.4 EMS Outputs of 2006.   
 
The DEA model will measure efficiency scores with CRS technology (or overall 
technical efficiency, or CCR) and VRS technology (or technical efficiency, or BCC). 
CCR gives a measure of overall efficiency of each DMU, such that technical efficiency 
and scale efficiency are aggregated into one value. CCR model  assumes that there are 
constant returns to scale (i.e. an increase in inputs results in a proportionate increase in 
outputs). Also, it assumes that all DMUs work at opimal scale. BCC model measures 
pure technical efficiency and assumes that there are v iable returns to scale which 
includes increasing returns to scale and decreasing returns to scale. 
 
The reference set represents the peer DMUs when compared with other DMUs and 
becomes its benchmark. DMUs which have benchmarks are asked to learn how to transfer 
their inputs to outputs, in other words, adopt their policies and techniques in the 
production process. In the following sections, the CCR and BCC models were used to 




1. CCR Results 
Table 4.7 shows the CRS results. The overall technical efficiency of (CRS) scores 
average of construction companies over the study period was 94.4%. 













C1 1995 0.00% 100% 100% 100% 100% 
C2 1985 100% 97.4% 83.1% 100% 100% 
C3 1991 83.7% 100% 100% 100% 100% 
C4 1994 100% 66.7% 98.7% 100% 93.89% 
C5 1999 100% 100% 100% 100% 100% 
C6 1994 100% 100% 100% 100% 100% 
C7 1980 100% 74.9% 100% 100% 100% 
C8 1994 81.2% 0.00% 100% 98.6% 100% 
C9 1996 100% 98.8% 100% 89.5% 90.4% 
C10 1995 100% 96.7% 87.8% 96.4% 100% 
C11 1994 99.7% 100% 90.5% 88.% 90% 
C12 1987 100% 100% 100% 100% 100% 
C13 1988 92.2% 100% 94.7% 81.7% 91.3% 
C14 1995 100% 100% 100% 100% 100% 
C15 1984 100% 100% 100% 100% 100% 
C16 1996 82.3% 81.9% 100% 100% 100% 
C17 1994 * * * 92.3% 100% 
C18 1996 93.1% 100% 100% 100% 100% 
C19 1994 99.1% 100% 100% 100% 100% 
C20 1985 99.8% 100% 100% 100% 100% 
C21 1994 87.5% 58.0% 80.4% 78.8% 84.1% 
C22 1994 100% 100% 100% 100% 99.7% 
Average -- 91.4% 89.3% 96.9% 96.6% 97.7% 
Efficient 
DMUs (No.) 
-- 11 13 15 15 16 
Inefficient 
DMUs (No.) 
-- 10 8 6 7 6 
Average Overall Technical Efficiency Score over the Study Period = 94.4% 






2. BCC Results 
 
Table 4.8 shows the VRS results. The pure technical efficiency of VRS scores average of 
construction companies over the study period was 98.9%. 













C1 1995 100% 100% 100% 100% 100% 
C2 1985 100% 100% 99.2% 100% 100% 
C3 1991 100% 100% 100% 100% 100% 
C4 1994 100% 87.7% 100% 100% 99.9 
C5 1999 100% 100% 100% 100% 100% 
C6 1994 100% 100% 100% 100% 100% 
C7 1980 100% 75% 100% 100% 100% 
C8 1994 100% 100% 100% 100% 100% 
C9 1996 100% 99% 100% 100% 100% 
C10 1995 100% 100% 100% 100% 100% 
C11 1994 100% 100% 99.2% 100% 100% 
C12 1987 100% 100% 100% 100% 100% 
C13 1988 92.2% 100% 94.7% 100% 100% 
C14 1995 100% 100% 100% 100% 100% 
C15 1984 100% 100% 100% 100% 100% 
C16 1996 83.1% 100% 100% 100% 100% 
C17 1994 * * * 100% 100% 
C18 1996 100% 100% 100% 100% 100% 
C19 1994 100% 100% 100% 100% 100% 
C20 1985 100% 100% 100% 100% 100% 
C21 1994 89.4% 85.9% 94% 100% 94.5% 
C22 1994 100% 100% 100% 100% 100% 








3 4 4 0 2 
Average Technical Efficiency Score over the Study Period = 98.9% 






3. Scale Efficiency Analysis  













C1 1995 0.00% 100% 100% 100% 100% 
C2 1985 100% 97.4% 83.8% 100% 100% 
C3 1991 83.7% 100% 100% 100% 100% 
C4 1994 100% 76% 98.7% 100% 94% 
C5 1999 100% 100% 100% 100% 100% 
C6 1994 100% 100% 100% 100% 100% 
C7 1980 100% 100% 100% 100% 100% 
C8 1994 81.2% 0.00% 100% 98.6% 100% 
C9 1996 100% 100% 100% 89.5% 90.4% 
C10 1995 100% 96.7% 87.8% 96.4% 100% 
C11 1994 99.7% 100% 91% 88% 90% 
C12 1987 100% 100% 100% 100% 100% 
C13 1988 100% 100% 94.7% 81.7% 91.3% 
C14 1995 100% 100% 100% 100% 100% 
C15 1984 100% 100% 100% 100% 100% 
C16 1996 99% 81.9% 100% 100% 100% 
C17 1994 * * * 92.3% 100% 
C18 1996 93.1% 100% 100% 100% 100% 
C19 1994 99.1% 100% 100% 100% 100% 
C20 1985 99.8% 100% 100% 100% 100% 
C21 1994 97.87% 68% 85% 78.8% 89% 
C22 1994 100% 100% 100% 100% 99.7% 
Average ---- 93% 91.4% 97% 96.6% 97.9% 
Average Scale Efficiency Score over the Study Period = 95.2% 
*  Data about this Company was Unavailable. 
 
As mentioned in chapter 2, overall technical efficiency can be decomposed to technical 
efficiency and scale efficiency. The ratio of overall technical efficiency to technical 
efficiency is called scale efficiency, which measures the inefficiency caused by 
inappropriate scale. In this research , overall technical efficiency refers to CCR scores and 
technical efficiency refers to BCC scores where the scale efficiency will be overall 
technical efficiency divided by technical efficiency. Table 4.9 shows the scale efficiency 
scores of DMUs over the study period. The average scale efficiency was 95.2 percent 
which means that the ability to work at optimal scale is 95.2%.  
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4. CCR Versus BCC Results 
The results of CCR and BCC models is that the CCR model generates a number of 
efficient companies less than BCC model. The average score of overall technical 
efficiency was 94.4 percent, while the average technical efficiency score was 98.9 
percent. Moreover, some of the CCR inefficient companies are efficient in BCC results 
such as C3, C11 and C18 in 2002. 
It is obvious that BCC results are better than the CCR results because CCR assumes 
Constant Returns to Scale (CRS) and BCC assumes Variable Returns to Scale (VRS). 
CRS and VRS are ratios shared the same denominator while the numerator of VRS is 
greater than CRS numerator ratio. 
In this research using CCR model and BCC model are ve y important in order to ensure 
whether all DMUs work at optimal scale or not. If the DMUs work at optimal scale then 
CCR model must be used, otherwise BCC model must be used. Based on the results 
shown in Table 4.9 it is obvious that the results of CCR and BCC models are close to 
each other where the majority of DMUs work at optimal scale. In addition to that as 
shown in Appendix (3-A), the correlation coefficient between DMUs size and CCR 
efficiency scores equals 0.215 which means that there is no relation between efficiency 
score and DMUs size. Executed works (EW) is considered to be the representative of 
DMU size. So, CCR model can be used and inefficient DMUs must correct their current 
policies to become technically efficient. 
5. Global Benchmarks 
The benchmarks are global because an inefficient company in a particular year could 
have benchmark companies for the same year. This type of analysis provides more 
complete information for decision makers about the best practices necessary to improve 
the performance of the inefficient companies. Table 4.10 provides benchmarks for 
inefficient companies for the year 2006. We mainly concentrated on the 2006 benchmarks 
because this is the latest year of the study period. 
 
Benchmarks represent the frequency of the opposite efficient DMUs that act as a 
reference set. Efficient DMUs act as benchmarks to teach inefficient DMUs. Inefficient 




Table 4:10 Benchmarks of Inefficient Companies in 2006. 
DMUs Scores  Benchmarks 
C1 100% 2 
C2 100% 3 
C3 100% 3 
C4 93.9% C1 (0.12755364) C 7 (0.01932316) C10 (0.66734488)  C19 (0.00801374)  
C5 100% 1 
C6 100% 0 
C7 100% 4 
C8 100% 2 
C9 90.4% 
C2 (0.23465214)  C3 (0.33121775)  C5 (0.52904102)  C7 (0.23717132) 
C19 (0.02088250)  
C10 100% 2 
C11 90% C1 (0.00598809) C10 (0.03170227)  C19 (0.01007592)  
C12 100% 0 
C13 91.3% 
C2 (1.19779016)  C3 (0.61040018)  C8 (0.08426110)  C19 (0.42042772)  
C20 (0.33462812)  
C14 100% 0 
C15 100% 0 
C16 100% 0 
C17 100% 0 
C18 100% 0 
C19 100% 6 
C20 100% 1 
C21 84.1% C3 (0.03872657) C 7 (0.11752808)  C8 (0.07650267)  C19 (0.06462872)  
C22 99.7% C2 (0.14660564) C 7 (0.08617536)  C19 (0.26917525)  
 
For example, the composite (best practice) company C4 in 2006 is formed from the 
weighted average of efficient companies C1: (0.12755364), C7: (0.01932316), C10: 
(0.66734488), and C19: (0.00801374). Company C4: 2006's relative efficiency rating of  
93.9% indicates the extent to which the efficiency of C4 in 2006 is lacking in comparison 
to the efficiency of its reference set companies. Company C4: 2006 is 93.9% as efficient 
as its reference set companies (C1, C7, C10, and C19). These efficiency reference set 
companies represent the basis of the linear program solution for company C4 in 2006. 
The efficiency reference set companies results in a composite company (a hypothetical 
best-practice company) that produces as much as company C4 in 2006, but uses as much 
or less than C4:2006. Based upon the hypothetical best-practice company for the 
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inefficient company, further insights about the magnitude of the inefficiency for the 
inefficiency companies can be derived. The magnitude of the inefficiency is given by the 
magnitude of excess resources used (input orientatio ). Potential improvement for the 
inefficient companies in the year 2006 will be discu sed thereafter. 
6. CCR Potential Improvements 
Table 4.11 shows the target levels of inputs and outputs at which each inefficient DMUs 
will have 100% efficiency score in CCR model.  
Table 4.11 Target Improvements of Inefficient DMUs in CCR Model 
Target Input Variables 
No. DMUs 




1 C4 282263 147565 88668 65727 27445 5.6 610140 
2 C9 1748707 441018 108446 516027 89668 11 3016000 
3 C11 21058 7649 4205 13498 1758 0.45 50000 
4 C13 3195505 456500 182600 1826003 189839 25.5 6000000 
5 C21 424090 64370 67316 141784 47742 3.9 802000 
6 C22 606114 105320 49845 436033 51043 7 1338000 
Total 3000508 951151 2694426 910762 117154 53.45 - 
Average 500084 158525 449071 151794 19526 8.9 - 
 
The percentage of potential improvements of each inefficient DMUs is determined and 
presented in the Table 4.12. 
 
Table 4.12 CCR Potential Improvements Percentage of Inefficient DMUs 
Input Variables 
No. DMUs 




1 C4 -6% -6% -55% -6% -79% -6% 0 
2 C9 -10% -10% -10% -10% -16% -10% 0 
3 C11 -10% -10% -91% -10% -95% -90% 0 
4 C13 -8.6% -8.6% -8.6% -8.6% -91% -8.6% 0 
5 C21 -16% -16% -16% -16% -68% -35% 0 
6 C22 0 -16% 0 -15% -66% 0 0 
Total -50.6% -66.6% -180.6% -65.6% -415% -149.6% 0 
Average -8.4% -11.1% -30.1% -10.9% -69% -24.9% 0 
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Now, the percentage of potential variables improvements of each inefficient DMUs; C4, 
C9, C11, C13, C21 and C22 are shown in the Fig. 4.5, Fig. 4.6, Fig. 4.7, Fig. 4.8, Fig. 4.9 
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Fig. 4.5 CCR Improvements Percentage of C4. 
For example as shown in Fig. 4.5, C4 has to reduce the cost of materials, labor, 
subcontractors and management staff by 6%. Also, cash flow has to be reduced by 55%, 
where equipments and machines has to be reduced by 79%. Noticeable, there is no 
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Fig. 4.7 CCR Improvements Percentage of C11. 
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Fig. 4.9 CCR Improvements Percentage of C21. 
CCR Improvement Percent  (C13) 
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Fig. 4.10 CCR Improvements Percentage of C22. 
7. CCR Improvements Summary 
The possible improvements of inefficient DMUs are shown in Table 4.13. The first row 
represents the average improvement percentages of the variables of inefficient DMUs. 
The second row shows the potential improvements of each variable as percentage of the 
total improvement needed for all variables of inputs and output. The percentage of 
reduction in equipments and machines has the largest average of reduction by 45%, 
followed by cash flow with an average reduction by 19.5% and the number of 
management staff by 16%, then both labor and subcontractor by 7%, and finally materials 
have the least average reduction  by 5.5%. Figure 4.11 shows the potential improvements 






CCR Improvement Percentage (  
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Table 4.13 Summary of Improvement Percentage of CCR Model 
Input Variables 
DMUs 










5.5% 7% 19.5% 7% 45% 16% 0 
 
L   7%
CF   19.50%
EM   45%
MS   16%
SUB   7%
M   5.50%
 
Fig. 4.11 CCR Potential Improvements Percentages of Inefficient DMUs 
Appendix (3-B) shows a comparison between target improvement and actual input 
variables of inefficient DMUs. 
4.5.3 Trends of Technical Efficiency Scores over Time 
 
Annual overall technical efficiency for the 22 DMUs was evaluated. The number of 
efficient DMUs for each year is shown in Table 4.7. It is noted that the number of 
efficient DMUs increases over time as shown in Fig.4.12. 
 
Figure 4.13 shows the trend of overall technical effici ncy scores average over time 
during the study period. The smallest overall technical efficiency scores average was in 
2003 and the largest was in 2006. It is noted that t e curve generally presents a gentle 
upward tendency. A majority of the overall technical efficiency scores average increase 
took place in 2004. 
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Fig. 4.12 Number of Efficient DMUs over the Study Period. 
 
 
Fig. 4.13 Trends of Average Technical Efficiency of DMUs over Time. 
 
The rate of overall technical efficiency increase ov r time was 1.27% per annum. It may 
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4.5.4 Trends of Inputs Usage over Time 
The results of the annual variables weights over th study period are shown in Appendix 
(3-C). A summary of the annual variables weights over the study period is shown in Table 
4.14. 
  
Based on Table 4.14, Fig. 4.14 shows the annual inputs weights against the year except 
the management staff input is excluded due to its high relative weight compared to other 
inputs. It also shows the trend of the inputs usage over time during the study period. It is 
obvious that management staff, subcontractors, equipments and machines have significant 
trends. Labor has a slow upward tendency over time wh re used materials tendency is 
insignificant. 
Table 4.14 Summary of Annual Variables Weights over the Study Period 
Variables Weights 
Year WI1 WI2 WI3 WI4 WI5 WI6 
2002 4.787E-05 1.482E-05 3.307E-05 2.0412E-04 1.1246E-04 0.50529 
2003 1.672E-05 3.371E-05 1.464E-05 1.043E-04 1.11E-04 0.54684148 
2004 1.796E-05 3.867E-05 5.408E-05 8.11E-05 5.512E-05 0.65731223 
2005 2.788E-05 6.836E-05 3.387E-05 2.543E-04 1.171E-04 0.44855152 
2006 4.528E-05 5.585E-05 4.993E-05 1.2176E-04 1.769 E-05 0.68132807 
Total Weight 1.56E-04 2.11E-04 1.86E-04 7.66E-04 3.96E-04 2.84 
 
Management staff, subcontractors, equipments and machines in general were efficiently 
used but labor and materials need more care. This implies the need for value engineering 
for materials use and developing labor productivity. Labor productivity in Gaza is an 
important issue to develop. Enshassi et al., (2007) identified the factors that have to be 




Fig. 4.14 Trends of DMUs Usage of Inputs over Time. 
 
4.5.5 Characteristics of Efficient and Inefficient DMUs 
 
To find the main characteristics of efficient and inefficient DMUs, individual 
relationships between each two types of inputs variables weights are plotted. Scatter 
diagrams of these are shown in the Fig.'s of Appendix (3-D). The main characteristics of 
efficient and inefficient DMUs are discussed in thefollowing. 
 
A. Characteristics of Efficient DMUs 
 
Characteristics of efficient DMUs related to the usage of inputs variables can be 
identified by the relationships between each two types of inputs variables. In general, 
where it is possible to save resources (inputs), effici ncy can be achieved. So, the 
common feature of efficient DMUs is the low levels of inputs. Other features related to 
inputs are summarized as follow: 
 
 They either have low levels of materials and subcontractors or high level of 
materials and low level of subcontractors. 
 
 They either have low levels of materials and equipments and machines or 
high level of materials and low level of equipments and machines. 
 
 They either have low levels of labor and subcontractors or high level of 
labor and low level of subcontractors. 
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 They either have low levels of labor and equipments and machines or high 
level of labor and low level of equipments and machines. 
 
Companies which have low levels of resources are considered efficient. In spite of the 
fact that some companies have high levels of inputs but they still efficient. Some 
companies that have high levels of materials or labor or both are efficient due to the slight 
effect of these inputs compared with the powerful effect of the low levels of 
subcontractors or equipments and machines. 
 
Now, characteristics related to the companies establi hment years are discussed. 
Establishment years are classified into two categori s; established before 1994, and 
established in or after 1994. Metaphorically, companies established in or after 1994 will 
be called after 1994. 1994 is the year of Palestinian National Authority (PNA) existence. 
Table 4.15 shows an analysis of efficient and ineffci nt DMUs that participate in the case 
study. It mainly consists of twelve columns. The first one dealing with years of the study, 
the second dealing with the total number of DMUs established before 1994, and the third 
dealing with the total number of DMUs established after 1994. The eight remaining 
columns consist of two sets; the first one related to efficient DMUs and the second related 
to inefficient DMUs for each year of the study as shown in the table's rows. Each set 
consists of four columns; the first one shows the number of efficient/inefficient 
companies established before 1994, the second shows t e percent of efficient/inefficient 
companies established before 1994 compared to the to al number of efficient/inefficient 
category, the third column shows the number of effici nt/inefficient companies 
established after 1994, and the last one shows the percent of efficient/inefficient 
companies established after 1994 compared to the total number of efficient/inefficient 
category. The number of DMUs that participate in the case study established before 1994 
is seven, where the number of DMUs participate in the case study established after 1994 
is fourteen for the years 2002, 2003, 2004 and fifteen for the years 2005 and 2006. For 
example, the number of efficient DMUs established bfore 1994 in 2002 is four and its 
percent attribute to the number of DMUs established b fore 1994 is (4/7*100=57%) and 
the number of efficient DMUs established after 1994 in 2002 is seven and its percent 
attribute to the number of DMUs established after 1994 is (7/14*100=50%). It is obvious 
that percents of efficient DMUs established before 1994 are better than percents of 
efficient DMUs established after 1994. Efficient companies percents are increase over 
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time for the category of DMUs established before 1994 but for the other category their 
percents tottering between increasing and decreasing. 
Table 4.15 Categories of Efficient and Inefficient DMUs and their Percents 
Efficient DMUs  Inefficient DMUs   
Years 
No. of DMUs 
Established 
Before 94 



















2002 7 14 4 57% 7 50% 3 43% 7 50% 
2003 7 14 5 71% 8 57% 2 29% 6 43% 
2004 7 14 5 71% 10 71% 2 29% 4 29% 
2005 7 15 6 86% 9 60% 1 14% 6 40% 
2006 7 15 6 86% 10 67% 1 14% 5 33% 
 
In a word, the characteristic of efficient companies that majority of them are established 
before PNA existence in 1994 in spite of the relative l ttle number of them. Companies 
established before PNA in 1994 represents about 32% of the companies that participate in 
case study. They had long and wide experience and knowledge. Experience as a general 
concept comprises knowledge of or skill in or observation of some thing or some event 
gained through involvement in or exposure to that thing or event, where knowledge 
defined as expertise and skills acquired by a person through experience or education; the 
theoretical or practical understanding of a subject (Wikipedia, 2008). Optimal utilization 
of resources and maximization of outputs mean a decisiv  step in making real efficiency 
which can be achieved through knowledge and experience. Knowledge means the success 
in applying techniques and technologies where experience is the long practice of older 
companies. 
 
B. Characteristics of Inefficient DMUs 
 
Also, Characteristics of inefficient DMUs related to the usage of inputs variables can be 
identified by the relationships between each two types of inputs variables. In general, 
excesses in resources (inputs) are the cause of inefficiency. So, the main characteristic of 
inefficient DMUs is the high levels of used inputs. Other characteristics related to inputs 
are summarized as follows: 
 
 They either have high levels of materials and cash flow or low level of 
materials and high level of cash flow. 
 
 They either have high levels of materials and subcontractors or low level of 
materials and high level of subcontractors. 
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 They either have high levels of materials and equipments and machines or 
low level of materials and high level of equipments and machines. 
 
 They either have high levels of labor and cash flow or low level of labor and 
high level of cash flow. 
 
 They either have high levels of labor and subcontracto s or low level of 
labor and high level of subcontractors. 
 
 They either have high levels of labor and equipments and machines or low 
level of labor and high level of equipments and machines. 
 
As it is obvious, inefficient companies have an overstuffed resources as shown earlier in 
the improvement summary. Though some companies have low levels of inputs, they are 
still inefficient. Some companies that have low levels of materials or labor or both are 
inefficient due to the slight effect of these inputs compared with the powerful effect of the 
high levels of subcontractors, cash flow, and equipments and machines. 
 
Characteristics related to the companies establishment year is discussed. Also, Table 4.15 
shows an analysis of efficient and inefficient DMUs that participate in the case study. For 
example, the number of inefficient DMUs established b fore 1994 in 2002 is three and its 
percent attribute to the number of DMUs established b fore 1994 is (3/7*100=43%) and 
the number of inefficient DMUs established after 1994 in 2002 is seven and its percent 
attribute to the number of DMUs established after 1994 is (7/15*100=50%). It is obvious 
that percents of inefficient DMUs established befor 1994 are less than percents of 
efficient DMUs established after 1994. Inefficient companies percents are decrease over 
time for the category of DMUs established before 1994 but for the other category their 
percents tottering between decreasing and increasing. 
 
In short, the majority of inefficient companies are established after the PNA existence in 
1994. Usually, a rise of new entity associated with a growth in industry, agriculture, 
health, education, social and economic development which can not be accomplished 
without infrastructure and construction activities performed by construction companies. 
Construction industry is the base of any development or promotion over all countries 
without exception. Since prosperity prevails Palestinian area, many businessmen or 
familiar with contracting works established new companies. Some of new established 
companies suffer of experience and knowledge shortage and consequently inefficiency. 
Inefficiency due to experience and knowledge shortage cause resources extravagance. 
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Experience and knowledge shortage lead to misleading policies, improper planning, and 
consequently resources waste. Resources excesses appear in rework, industry challenges, 
unjust employees recruitment and other issues. 
 
Rework defined for the fields operations as activities that have to be done more than once 
in the field or activities which remove work previously installed as part of the project 
(Rogge et al., 2001). Love (2002) found that the mean direct and indirect rework costs to 
be 6.4 and 5.6% of the original contract value, respectively. No available studies about 
rework cost in Palestine. Rework increasing materials cost, labor cost, subcontractors cost 
and else. 
 
Employees recruitment submit to iniquity behaviors by owners and consultant to employ 
unqualified or over above persons. Iniquity behaviors cause ascending labor costs and 
management staff. Also, by the same way, general contractor may exert pressure on 
subcontractors to employ unqualified persons which in reases subcontractors cost. 
 
Subcontractors is an issue that needs to be examined car fully. They play a decisive step 
in determining efficiency. As shown in Fig. 4.14 and of the characteristics of efficient and 
inefficient companies subcontractors, equipments and machines are the most efficiently 
used resources and the main cause of efficiency. In spite of the high levels of materials 
and labor, the low level of subcontractors or equipments and machines was the cause of 
efficiency. Unlike, high level of cash flow or subcontractors or equipments and machines 
going together with low level of materials and labor was the cause of inefficiency. So, 
subcontractors, equipments and machines are the efficiency trigger. 
 
Subcontracting is a very common practice in construction industry. The subcontracting 
phenomenon has attracted the attention of many research rs who have undertaken studies 
from many different angles. It is generally believed that extensive subcontracting creates 
management problems that have impact on efficiency (Chau, 2003). These management 
problems are likely to lead to inefficiency. While this argument seems to be plausible, it 
is difficult to justify in economic term, because the main contractors have the option not 
to subcontract. Since the main contractors subcontract part of the work voluntarily, they 
must have an economic reason for doing so (Chau and Walker, 1994). 
 
The main contractors do not necessarily possess all the specialized resources required to 
complete a project. As a result, parts of the project are often subcontracted out to smaller 
firms who can perform the task more efficiently. the main contractor will continue to 
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subcontract up to the point where it is equally efficient for the next additional fraction of 
the project to be performed by either the main contractor or subcontractor. Beyond this 
point, the main contractor can perform the tasks more efficiently than other 
subcontractors. 
  
Also, challenges face industry due to the nature of competition in tendering and awarding 
contracts. Companies can not keep a defined level of works continuously. They can plan 
to obtain a defined level of works for future but achieving these levels faced with 
challenges of tendering, awarding contracts and market situation. Awarding contracts 
based on a competition status in bidding and tenderi g yield to fluctuation and downturn 
situations that come over the industry. Low price in tendering and awarding practice is 
another serious challenge that faces the industry. 
 
Some of the available resources become unfeasible to eliminate or difficult to reduce 
when the amount of executed works are declined. Equipments, machines and cash flow 
are the most deep-rotted resources because of impracticable to diminish or get rid of 
them. The problem of surplus equipments, machines, and cash flow without investment 
that meet some companies deserve pursuit. So, reduction of the surplus resources without 
investment can be justified due to:
 
• Some contractors are not to do right or well other wo ks. They can not invest the 
surplus cash flow and machines in other fields due to knowledge shortage and 
lack of investing domains. 
• Eliminate or reduce equipments and machines resulted in losses, where they 
submit to supply and demand. In addition to that, the hope and expectation to 
award new contracts in the future. 
• Lack of investments chances in different economic aspects due to blockade, 
crossing closure, raw materials shortage and political conditions. 
• Lack of the ways to invest the value of machines because some contractors belief 
about deposit and its profits as ill-gotten. 
• Sometimes, lack or high cost of spare parts where contractors turn over some 
machines out of work and used them as spare parts. 
 
The optimal solution in such cases is awarding more c ntracts with low profit to utilize 
from available resources. 
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Furthermore, Palestinian areas recently suffer of pr jects shortage due to Al-Aqsa Intifada 
that broke out in 1999 that period in which the case study conducted. So, inefficient 
companies that have excesses resources especially machines may be worked efficiently 
before the case study or after political situation improvement in future. 
 
4.5.6 Performance Measurement Tools 
Concurrent with a lack of models, construction research lacks a measurement method to 
compare the performance at the industry level. Research rs have a long tradition of 
measuring productivity at the micro-level, there is a literature studying productivity at the 
level of individual projects and project activities (El-Mashaleh et. Al., 2001). The scope 
of most construction productivity research has been to focus on partial measures, 
principally labor. Man-hours employed and work produced are measured and compared 
to the past or compared with other firms to obtain measurements of how efficient a firm is 
in its activities. The study found that available used tools related to performance 
measurement is on the project level such as labor productivity (Enshassi et al., 2007), 
comparing actual cost / budgeted cost, actual duration / planned duration, project profit 
and performance rate as percentage of value of executed works to total amount of 
contracts. These measurement parameters of projects are individually and there is no an 
wholly measurement of company's efficiency. It is usef l to address complex interactions 
between different factors both within and across the projects a firm is working on. 
 
The study found out that there is no tools used to measure efficiency of construction 
companies but based on researcher's experience and xperts of the industry, judgment, 
opinion, reputation, company grade, and past history f projects cost and time 
performances without claims are the common indicators of performance. 
 
 
4.5.7 DMUs Ranking 
Basic DEA models evaluate the relative efficiency of DMUs  but do not allow ranking of 
the efficient DMUs themselves. Where our earlier analysis provides some very important 
insights into the operations of twenty two companies, it does not provide a means for 
ranking and discriminating among efficient companies. To identify the best and worst in 
the entire set, the model proposed by Anderson and Petersen, 1993 is utilized. The test 
unit is removed from the constraint set, allowing the test unit to achieve an efficiency 
score of greater than 100%, which provides a method for ranking efficient and inefficient 
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units. The results of this analysis are shown in Table 4.16. It is evident that the best 
performer across all five years is company C5 in 2002 (C5: 2002). Company C5 dropped 
down from the high rank of 1 in 2002 to a rank of 26 in 2006, which shows a decline in 
its performance. On the other hand, company C1 moved from rank 106 in 2002 to a rank 
of 10 in 2006. In order to give a separate ranking for each of the years instead of a global 
ranking, the results of ranking companies in each year separately are shown in Table 4.17. 












C1 0.00% 106 96.7% 31 98.2% 24 127% 8 122% 10 
C2 67% 86 83.2% 54 81.0% 59 99.5% 22 99.8% 21 
C3 79.6% 64 75.1% 73 79.9% 62 83.5% 52 79.5% 65 
C4 81.8% 58 65.1% 92 80.8% 60 97.0% 29 56.2% 98 
C5 873% 1 92.0% 38 147% 5 102% 20 97.7% 26 
C6 117% 12 88.9% 45 94.1% 37 91.8% 39 91.0% 42 
C7 66.9% 87 71.9% 80 67.8% 85 85.7% 50 77.3% 67 
C8 73.6% 78 0.00% 107 66.1% 90 57.6% 95 76.9% 68 
C9 87.4% 47 84.9% 51 135% 7 68% 83 74.3% 75 
C10 72.2% 79 76.5% 70 76.7% 69 70.1% 82 81.9% 57 
C11 65.1% 93 91.1% 41 86% 49 71.1% 81 56.3% 96 
C12 95.2% 35 90.6% 43 99% 23 97.1% 28 118% 11 
C13 51.2% 101 183% 3 46.9% 104 45.6% 105 50.2% 102 
C14 102% 18 97% 30 96% 33 204% 2 106% 15 
C15 95.6% 34 116% 13 86.7% 48 97.4% 27 82.6% 55 
C16 67.9% 84 66.6% 88 181% 4 73.6% 77 91.3% 40 
C17 * * * * * * 65.9% 91 79.8% 63 
C18 74.7% 74 105% 17 106% 16 102% 19 109% 14 
C19 78.6% 66 95.1% 36 125% 9 74.2% 76 97.9% 25 
C20 76.3% 72 82.0% 56 144% 6 80.1% 61 76.4% 71 
C21 55.4% 99 53.2% 100 56.2% 97 58.6% 94 49.1% 103 
C22 89% 44 96.1% 32 87.7% 46 83.3% 53 66.3% 89 



















C1 0.00% 21 96.7% 5 98.2% 8 127% 2 122% 1 
C2 67% 16 83.2% 13 81.0% 14 99.5% 5 99.8% 5 
C3 79.6% 9 75.1% 16 79.9% 16 83.5% 11 79.5% 13 
C4 81.8% 8 65.1% 19 80.8% 15 97.0% 8 56.2% 20 
C5 873% 1 92.0% 8 147% 2 102% 4 97.7% 7 
C6 117% 2 88.9% 11 94.1% 10 91.8% 9 91.0% 9 
C7 66.9% 17 71.9% 17 67.8% 18 85.7% 10 77.3% 14 
C8 73.6% 13 0.00% 21 66.1% 19 57.6% 21 76.9% 15 
C9 87.4% 7 84.9% 12 135% 4 68% 18 74.3% 17 
C10 72.2% 14 76.5% 15 76.7% 17 70.1% 17 81.9% 11 
C11 65.1% 18 91.1% 9 86% 13 71.1% 16 56.3% 19 
C12 95.2% 5 90.6% 10 99% 7 97.1% 7 118% 2 
C13 51.2% 20 183% 1 46.9% 21 45.6% 22 50.2% 21 
C14 102% 3 97% 4 96% 9 204% 1 106% 4 
C15 95.6% 4 116% 2 86.7% 12 97.4% 6 82.6% 10 
C16 67.9% 15 66.6% 18 181% 1 73.6% 15 91.3% 8 
C17 * * * * * * 65.9% 19 79.8% 12 
C18 74.7% 12 105% 3 106% 6 102% 3 109% 3 
C19 78.6% 10 95.1% 7 125% 5 74.2% 14 97.9% 6 
C20 76.3% 11 82.0% 14 144% 3 80.1% 13 76.4% 16 
C21 55.4% 19 53.2% 20 56.2% 20 58.6% 20 49.1% 22 
C22 89% 6 96.1% 6 87.7% 11 83.3% 12 66.3% 18 
*  Data about this company was unavailable. 
 
4.5.8 Relationship between Executed Works and Efficiency 
 
To find the relationship between executed works andefficiency, the correlation factor 
between executed works and efficiency is 0.215 as mentioned earlier which means that 










Conclusions and Recommendations 
 
This chapter includes the conclusions and the practical recommendations that would 




The research investigated the measures of efficiency from literature review, researcher 
experience and the preliminary interviews with experts to meet the first objective of the 
research. To achieve the second and third objectives a detailed questionnaire was 
prepared using the presented efficiency measures. The questionnaire aimed to determine 
the main measures of inputs and outputs. The factor analysis of questionnaire gives the 
significant input and output variables that are select d to be used in measuring the relative 
efficiency of construction companies. (Also, the questionnaire investigated the tools that 
used to measure the efficiency of construction companies). 
 
A study on twenty two companies (case study) was conducted to identify the common 
characteristics of efficient and inefficient companies to meet the fourth and fifth 
objectives. The case study used a compact (improved) mo el to measure the efficiency of 
construction company based on DEA method. 
  
Estimates from input oriented model indicated that the average overall technical 
efficiency of these companies was 94.4 percent and the average technical efficiency 98.9 
percent. The main findings of the study are: 
 
1- The main important input variables concluded in the study are materials, labors, 
cash flow, subcontractors, equipment and machines, and management staff. Also, 
the main output variable concluded is profit followed by the amount of executed 
works. Executed works considered as the unique output where the profits was 
excluded. 
 
2- Data Envelopment Analysis methodology is an appropriate approach to measure 
and compare performance at the industry level. It is specifically designed to 
compare performance between companies, ranking them as frontier defined by the 
most efficient company. DEA appears well suited to measure the efficiency of 
construction companies. The multi-input capabilities of DEA allow comparison of 
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company's efficiency employing all their resources and the multi-output 
capabilities of DEA allow inclusion of the different types of outputs (e.g., profit, 
buildings area, roads length, and else). The study proved the ability of DEA 
method in Gaza Strip to measure the efficiency of construction companies, where 
there is lack of measurement tools. With considerabl  success, this study applies 
DEA analysis to evaluate relative efficiency of construction companies.  So, DEA 
is the first time to be applied in the field of construction in Gaza Strip. 
 
3- The study found out that there is no tool used to measure efficiency of 
construction companies. Available used tools related to performance measurement 
is to measure performance on the project level such as labor productivity 
(Enshassi et al., 2007), comparing actual cost / budgeted cost, actual duration / 
planned duration, project profit and performance rat as percentage of the value of 
executed works to total amount of contract. These measurement parameters of 
projects are individual and there is no an overall measurement of company's 
efficiency. DEA provided a satisfactory answer to the problem of making 
efficiency comparisons across companies. 
 
4- It concluded that the overall technical efficiency scores and the number of 
efficient DMUs of construction companies increased over time which may be 
attributed to knowledge and experience increase. 
 
5- The main characteristics of efficient companies are that they have low levels of 
inputs and majority of them are established before 1994. The percent of the 
efficient companies established before 1994 was better than the companies 
established after 1994. The efficiency of companies established before 1994 can 
be justified due to attained knowledge and experience. That means efficient 
companies survive and inefficient companies come to an end if they do not 
enhance their performance and become efficient where the survival of the fittest. 
 
6- The main characteristics of inefficient companies are that they have a high levels 
of inputs and majority of them are established after 1994. The percent of the 
inefficient companies established after 1994 that par icipate in the study was less 
than the peers established before 1994. The inefficiency of these companies can 
be justified due to the demand and prosperity accompanied PNA emersion. 
Numerous of companies established after 1994 suffer of lack experience and 
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knowledge or resources extravagance due to improper policies. Inefficient 
companies have to correct their performance to becom  efficient or they will come 
to an end soon or later. 
 
7- Subcontractors, equipment and machines were efficiently used over the study 





The generalization of performance measurement to be acc ptable has to be widely known 
among decision makers. Decision makers have not to be ashamed of the result of 
performance measurement, but it must be an incentive element to correct the policies in 
the correct manner. Also, the following points is recommended. 
 
1- Based on the highly distinguished methodology of DEA as a tool of performance 
measurement of profit and non-profit organizations, it is recommended to 
establish specialized centers of performance measurment using DEA on 
governmental and non governmental department. Also, it is recommended to 
measure the efficiency of DMUs in other fields of cnstruction sector.  
 
2- It is recommended to use DEA as an efficiency analysis tool. It is more 
sophisticated than primitive tools because the DEA models can help managers to 
identify the inefficient operations and take the right remedial actions for 
continuous improvement. In addition DEA is quantitative method, therefore it is 
faster and more accurate in analyzing data. 
 
3- Composition construction journal take care of contractors affairs related to 
publishing construction news, activities, new technology, pioneer contracts and 
prevailing competition environment between contractors. Also, it publishes other 
construction issues about projects amount, profits and delay damages. Issues and 
journal contents can publish other facts and used as a data source about 
construction sector. 
 
4- It is recommended for the Palestinian Contractors Union (PCU) to establish a 
unified database systems for companies (members) in order to find out the 
required data of companies. Data availability was the main problem faced and it 
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was the main cause of the limited number of companies participated in the case 
study. 
 
5- It is recommended for the Palestinian Contractors Union (PCU) and National 
Classification Committee to adopt the DEA method as an evaluation method in 
order to get new insights about companies performance and to consider the 
efficiency scores as a criteria in companies classification. 
 
6- It is recommended for official organizations (clients) and consultants to consider 
the efficiency scores of companies as a criteria in company's selection in addition 
to other criteria. 
 
7- The companies have to document events, happenings and keep records to learn the 
lessons of their practices history. For example the total work hours, the used 
materials, owned equipments and machines and their act vities, amount of 
subcontracting, staff ability and capacity, and the amount of executed works per 
year are valuable. These variables represent the company contribution in social 
service and promotion. Thus, it is recommended to consider documentation as a 
criteria in the National Classification Committee. 
 
8- Inefficient companies are recommended to consider th  potential improvements 
needed and learn from the reference sets in order to ob ain more regulatory, 
correction actions and business insights for managers in making resources 
planning decisions. 
 
9- Labor and materials usage were relatively inefficiently used. So it is 
recommended to conduct studies on human resources development (Al-Zeraiee, 
2007) and to improve the materials usage by considering alternatives and value 
engineering. 
 
10- Close examination and research about subcontractors and their role in efficiency is 
valuable. Subcontractors are an issue need more invest gation and study. 
 
11- Owners, consultants and supervision agents have to practice administrative 
monitoring to control their employees behaviors and performance to avoid 






12- Applying the technique of DEA on the company's leve to evaluate the projects' 
efficiency individually in order to improve the overall company's efficiency scores 
from bottom to top. By this way a competitive environment creates between site 
teams and encourage them to improve performance. Th results will benefit the 
top management with a lot of relevant information needed for monitoring, 
planning and evaluation system. So, the efficiency s ores can be improved and 
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To whom it may concern, the serious Palestinian contractor: 
Construction industry is one of the most important industries in Gaza strip, where it plays a 
prominent role in economic and social development through contribution of the major 
share of GDP. where as this forefront position of cnstruction industry, the sake of god, 
serving and building our home, and improving this industry necessitate shouldering to 
select the study of measuring the efficiency of construction companies in Gaza strip. The 
study is interested in the leading construction companies. So, the questionnaire is divided 
into three sections as below. 
I- Special concepts: 
This section provides primary concepts to facilitate the questionnaire answers as follow: 
1- Efficiency: It represents the capacity and willingness of the company to produce 
the maximum attainable outputs from a given inputs. 
2- Measures (variables): It means the components of both inputs and outputs, 
sometimes they called factors. 
2.1- Inputs:  Available company's resources used to produce outputs. They may be 
quantitative such as labors, capital, materials, subcontractors, machines, and 
so on, or qualitative such as reputation and experience. 
2.2- Outputs: Products resulting from mentioned inputs (e. g., profit, contracts 
performed, measured quantities, and so on). 
2.3- Subcontractor: the other party of bargain who subcontracted with general 
contractor to perform special tasks and supply at le st one of machines, tools, 
and materials. 
II- Company autobiography:  
This section provides essential information about responded company as follow: 
1- Company:…………………………… 2- Establishing year: …………….…. 
3- Field and Grade: Building__, Roods__, Water & Sewage__, Electro-mechanic__. 
4-   Company Type: …………………….   5- Headquarter: ……………………… 
6-   Administrative position of respondent: …………………………………………. 




III- Important evaluation of the measures of inputs and outputs: 
This section aims to estimate the relative importance of the measures of inputs and 
outputs from contractor's viewpoint. Please, identify (carefully) the relative importance of 
the measures illustrated in the table according to the following criteria: 
(1) not important. (2)some important. (3)medium important. (4)important. (5)very 
important. 
1. Input variables: 
No Measures (1)  (2)  (3)  (4) (5) 
1 Labor: Skilled and unskilled workers, engineers, 
supervisors, superintendents on sites (L). 
     
2 Subcontractors (SUB).      
3 Formal recorded capital (C).       
4 Available cash flow (CF).      
5 Used materials (M).      
6 Machines, and equipments (EM).      
7 Head office expenditure and overhead (HO).      
8 Company's assets and properties (AS).      
9 Company's age (A).      
10 Energy and consumed materials (CM).      
11 Company's experience (E).      
12 Health and safety (HS).      
13 Number of Employees at the head office (MS).      
14 Company's reputation (R).      
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2. Output variables: 
No Measures (1)  (2)  (3)  (4) (5) 
1 Contractor's satisfaction in obtaining profit and 
avoiding losses due to contract risks and claims (P). 
     
2 Annual amount of contracts (CS).      
3 Annual amount of contracts implemented (EW).      
  
Do you think existence of any other measures? If yes m ntion them. 
………………………………………………………………………………………… 
Is there any tools used to measure companies' efficiency? 
………………………………………………………………………………………… 
Do you company have any willingness to participate in presenting the required data to 
measure the efficiency of leading companies in Gaza strip? (Yes) ...…… (No) ……… 
 
With best regards. 
                                                                 The Researcher/ Younis Shoman 
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Appendix 1-C 
Questionnaire Analysis: 
I. inputs' Analysis 
To analyze the questionnaire inputs shown in Appendix A, we used the factor analysis 
approach which is provided by SPSS statistical software. 
There are three stages in factor analysis: 
1. First,  a correlation matrix is generated for all variables. A correlation matrix is a 
rectangular array of the correlation coefficients of the variables with each other. 
2. Second, factors are extracted from the correlation matrix based on the correlation 
coefficients of the variables.  
3. Third, the factors are rotated in order to maximize th  relationship between the 
variables and some of the factors. 
Several inputs and outputs variables were identified which influence the efficiency of 
construction companies working at Gaza Strip. Where the questionnaire variables are 
defined as follows: 
• Respondents Position: 
Measurement Level: ordinal. 
Symbol Labels: 
GC: Top management company's member (chairman, executiv  manager, or manager 
assistant). 
P.M: Project manager of construction company. 
• Input Variables: 
L, SUB, C, CF, M, EM, HO, AS, A, CM, E, HS, MS, R, GL. 
• Output Variables: 
P, CS, EW. 
Measurement Levels: ordinal. 
Labels Value: 
(1) Not important.       (2) Little important      (3) Medium important. 
(4) Important.             (5) Very important. 
Table (A1.1) shown the dataset of input variables. It illustrates the importance of the 




Table (A1.1): Input Dataset 
Post  L SUB C CF M EM HO AS CA CM E HS MS  R GL 
GC 5 3 4 4 5 5 3 2 3 2 3 3 5 3 3 
GC 4 5 4 5 5 2 2 4 2 3 4 2 4 2 4 
GC 5 4 3 5 4 5 3 5 2 4 3 5 5 4 1 
GC 5 5 4 4 5 4 1 2 4 4 4 3 4 4 3 
GC 3 5 3 5 5 4 2 4 2 3 2 4 4 2 2 
GC 5 4 4 3 5 5 3 3 5 2 5 2 5 5 3 
GC 5 5 3 5 3 3 4 4 2 4 3 2 4 3 3 
GC 5 4 3 3 5 5 3 3 4 3 3 4 4 4 2 
GC 5 2 4 4 5 5 2 2 3 4 4 3 5 2 1 
GC 4 5 3 5 4 4 1 4 2 4 2 2 4 4 3 
GC 2 5 3 5 5 4 2 4 3 3 3 3 5 3 3 
GC 5 4 2 3 5 4 3 3 4 4 3 5 4 3 2 
GC 5 3 4 5 4 5 3 4 3 3 2 4 4 4 3 
GC 3 5 3 4 5 4 2 2 4 5 4 3 4 3 2 
GC 5 4 1 5 5 5 3 4 3 4 3 2 5 3 3 
GC 4 5 4 4 5 4 1 3 4 3 4 3 4 4 1 
GC 5 5 4 5 4 2 2 1 4 4 2 4 4 5 3 
GC 5 4 3 5 5 5 2 4 2 3 4 3 5 3 2 
GC 3 5 3 5 5 3 1 1 3 4 3 4 4 4 3 
GC 5 4 2 2 5 5 3 2 5 3 4 5 5 4 3 
GC 4 5 2 5 3 4 2 1 4 1 2 3 5 3 2 
GC 5 3 4 4 5 5 2 4 3 3 4 4 5 4 2 
GC 5 4 2 5 4 4 3 5 2 4 3 3 4 3 3 
GC 5 4 2 3 5 5 1 3 4 2 4 4 4 4 2 
GC 4 5 3 5 4 4 4 4 3 3 5 3 5 4 2 
GC 5 5 3 3 5 1 2 3 4 4 3 4 4 5 3 
GC 5 3 4 5 4 5 2 4 2 5 4 3 4 4 4 
GC 5 4 2 4 5 4 3 2 3 4 1 2 2 2 3 
GC 4 5 3 5 4 4 4 1 3 2 2 1 4 1 2 
GC 5 3 4 5 5 5 2 4 2 3 3 2 3 2 4 
GC 5 4 2 4 5 5 2 2 3 4 4 3 4 3 1 
GC 3 5 3 5 4 3 1 4 1 4 2 2 4 2 3 
PM 5 4 2 4 5 5 3 3 3 5 2 2 3 2 2 
PM 5 4 2 5 4 4 2 4 2 4 1 1 3 2 2 
PM 5 3 4 4 5 5 1 3 3 5 3 2 4 1 2 
PM 5 4 1 5 4 4 2 4 2 3 2 3 4 2 1 
PM 4 5 3 4 5 4 3 3 4 5 1 2 3 2 1 
PM 5 4 2 4 5 5 4 3 4 2 2 2 2 3 3 
PM 5 2 4 5 4 5 3 4 3 4 3 1 3 2 2 
PM 4 5 1 4 5 2 2 3 4 5 2 3 4 2 4 
PM 5 4 1 4 5 5 3 3 1 3 2 1 3 2 1 







Interpretation of input analysis results: 
Descriptive Statistics 
The first output of the analysis is Table (A1.2) of descriptive statistics for all the input 
variables under investigation. Typically, the mean, standard deviation and number of 
respondents (N) who participated in the survey are given. Looking at the mean, one can 
conclude that  material (M)  is the most important variable because it has the most 
important variable because it has the highest mean of 4.6. 
































Mean Std. Deviation Analysis N
 
Factor Analysis 
• The Correlation matrix 
The next output from the analysis is the correlation c efficient shown in Table (A1.3). A 
correlation matrix is simply a rectangular array of numbers which gives the correlation 
coefficients between a single variable and every other variable in the investigation. The 
correlation coefficient between a variable and itself is always 1, hence the principal 
diagonal of the correlation matrix contains 1s. The correlation coefficients above and 
below the principal diagonal are the same. The determinant of the correlation matrix is 




Table (A1.3):Correlation Matrix 
Correlation Matrix
1.000-.564 -.041 -.288 -.037 .330 .257 .053 .064 -.002 .082 -.005 -.144 .103-.082
-.5641.000 -.235 .112 -.133 -.666 -.146-.204 .086 -.006 -.15 .035 .029 .108 .088
-.041-.235 1.000 .121 -.001 .018 -.205-.012 .051 -.010 .386 .051 .198 .228 .172
-.288 .112 .121 1.000 -.574 -.155 -.068 .303 -.687 .068 -.27 -.357 -.014 -.300 .102
-.037-.133 -.001 -.574 1.000 .179 -.154-.130 .337 .082 .235 .160 -.085 .023-.006
.330-.666 .018 -.155 .179 1.000 .237 .164 .000 -.224 .196 -.044 .057 -.040-.334
.257-.146 -.205 -.068 -.154 .237 1.000 .117 .110 -.205 -.11 -.117 -.116 -.016-.020
.053-.204 -.012 .303 -.130 .164 .1171.000 -.504 .138 .051 -.049 .026 .002 .086
.064 .086 .051 -.687 .337 .000 .110-.504 1.000 -.153 .242 .366 .127 .452 .028
-.002-.006 -.010 .068 .082 -.224 -.205 .138 -.153 1.000 -.13 -.054 -.243 -.172 .031
.082-.150 .386 -.270 .235 .196 -.106 .051 .242 -.134 1.00 .298 .583 .435 .033
-.005 .035 .051 -.357 .160 -.044 -.117-.049 .366 -.054 .298 1.000 .468 .596-.030
-.144 .029 .198 -.014 -.085 .057 -.116 .026 .127 -.243 .583 .468 1.000 .372-.050
.103 .108 .228 -.300 .023 -.040 -.016 .002 .452 -.172 .435 .596 .372 1.000 .187


















L SUB C CF M EM HO AS CA CM E HS MS R GL
 
• Kaiser-Meyer-Olkin (KMO) and Bartlett's Test 
The next item from the output is the Kaiser-Meyer-Olkin (KMO) and Bartlett's test 
shown in Table (A1.4). The KMO measures the sampling adequacy which should be 
greater than 0.5 for a satisfactory factor analysis to proceed. Looking at the table below, 
the KMO measure is 0.547. From the same table, we can see that the Bartlett's test of 
sphericity is significant. That is, its associated probability is less than 0.05. In fact, it is 
actually 0.000. This means that the correlation matrix is not an identity matrix. 
Table (A1.4): Kaiser-Meyer-Olkin (KMO) and Bartlett's Test 
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• Communalities 
The next item from the output is Table (A1.5) of communalities which shows how 
much of the variance in the variables has been accounted for by the extracted factors. 
For instance over 85.5% of the variance in CF is accounted for while 65.1% of the 
variance in L is accounted for. 

































Extraction Method: Principal Component Analysis.
 
Extraction communalities are estimates of the variance in each variable accounted for by 
the components. The communalities in this table are all high, which indicates that the 
extracted components represent the variables well. 
• Total Variance Explained 
The next item shows in Table (A1.6) is all the factors extractable from the analysis along 
with their Eigen values, the percent of variance attributable to each factor, and the 
cumulative variance of the factor and the previous factors. Notice that the first factor 
 xiii  
accounts for 21.304% of the variance, the second 15.829% , the third 13.032% ,the forth 
9.441 ,the fifth 8.151 and the sixth 7.254  . All the remaining factors are not significant. 
Table (A1.6): Total Variance Explained 
Total Variance Explained
3.196 21.304 21.304 3.196 21.304 21.304 2.408 16.054 16.054
2.374 15.829 37.133 2.374 15.829 37.133 2.371 15.807 31.861
1.955 13.032 50.165 1.955 13.032 50.165 2.293 15.285 47.146
1.416 9.441 59.606 1.416 9.441 59.606 1.518 10.121 57.267
1.223 8.151 67.757 1.223 8.151 67.757 1.343 8.954 66.221








































Extraction Sums of Squared
Loadings
Rotation Sums of Squared
Loadings
Extraction Method: Principal Component Analysis.
 
 
the table shows the extracted components. They explain nearly 75% of the variability in 
the original fifteen variables, so you can considerably reduce the complexity of the data 
set by using these components, with only a 25% loss of information. 
 
Scree Plot 
The Scree plot is a graph of the Eigen values against all the factors shown in Figure 
(A1.1). The graph is useful for determining how many factors to retain. The point of 
interest is where the curve starts to flatten. It can be seen that the curve begins to flatten 
between factors 6 and 7. Note also that factor 7 has an Eigen value of less than 1, so only 
six  factors have been retained. The selected factors were M, L, CF, SUB, EM, and MS. 
 xiv 
The scree plot helps to determine the optimal number of components. The Eigen value of 































Figure (A1.1): Scree Plot of the Input Variables 
• Component (Factor) Matrix 
Table (A1.7) shows the loadings of the fifteen variables on the six factors extracted. The 
higher the absolute value of the loading, the more the factor contributes to the variable. 
The gap on the Table represent loadings that are less than 0.5, this makes reading the 






Table (A1.7): Component Matrix 
Component Matrixa
 -.679     
 .823     
  .516   -.535
-.713  .536    
   .542   
 -.802     
   -.600   
  .555   .508
.734      
   .625   
.671      
.673      
.512  .558    
.699      
















1 2 3 4 5 6
Component
Extraction Method: Principal Component Analysis.
6 components extracted.a. 
 
• Rotated Component (Factor) Matrix 
The idea of rotation is to reduce the number factors n which the variables under 
investigation have high loadings. Rotation does not actually change anything but makes 
the interpretation of the analysis easier. Looking at Table (A1.8), we can see that GL is 
substantially loaded on Factor (Component) 6 , CM is substantially loaded on Factor 5, C 
and E  are substantially loaded on Factor 4, L, SUB and EM  are substantially loaded on 
Factor 3, while CF, M, AS and CA are substantially loaded on Factor 2 . All remaining 










Table (A1.8): Rotated Component Matrix 
Rotated Component Matrixa
  .768    
  -.857    
   .831   
 -.821     
 .640     
  .719    
      
 -.689     
 .818     
    .807  
.604   .526   
.814      
.729      
.776      
















1 2 3 4 5 6
Component
Extraction Method: Principal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization.
Rotation converged in 8 iterations.a. 
 
Comment: 
According to the factor analysis, there are  six signif cant inputs which are L ,SUB, ,CF 
,M ,EM and MS. 
 
• Output Variables: 
P, CS, EW. 
Measurement Levels: ordinal. 
Labels Value: 
(2) Not important.       (2) Little important      (3) Medium important. 
(5) Important.             (5) Very important. 
Table (A1.9) shown the dataset of output variables. It illustrates the importance of the 
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Table (A1.9): Output Dataset 
Post P CS EW 
GC 5 3 5 
GC 3 4 3 
GC 5 5 5 
GC 4 2 4 
GC 5 3 5 
GC 4 4 5 
GC 5 2 5 
GC 4 3 3 
GC 4 4 4 
GC 5 3 5 
GC 5 1 5 
GC 4 2 4 
GC 5 4 5 
GC 4 3 4 
GC 5 3 5 
GC 4 4 4 
GC 5 2 4 
GC 5 2 5 
GC 4 3 5 
GC 4 5 4 
GC 5 4 5 
GC 4 2 4 
GC 5 1 5 
GC 4 3 2 
GC 5 3 5 
GC 5 2 4 
GC 4 2 4 
GC 5 1 5 
GC 5 2 5 
GC 4 5 3 
GC 5 4 4 
GC 4 2 4 
PM 5 1 5 
PM 5 3 4 
PM 5 1 5 
PM 4 4 3 
PM 5 2 4 
PM 4 1 2 
PM 5 2 4 
PM 4 1 2 
PM 5 3 5 
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I. Outputs' Analysis: 
To analyze the questionnaire outputs shown in Appendix (1-B), we used the factor 
analysis approach which is provided by SPSS statistical software. 
Interpretation of Output analysis results: 
• Descriptive Statistics 
The first output from the analysis is Table (A1.10) of descriptive statistics for all the 
variables under investigation. Typically, the mean, standard deviation and number of 
respondents (N) who participated in the survey are given. Looking at the mean, one can 
conclude that gained profit (P)  is the most important variable because it has the highest 
mean of 4.52. 
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• The Correlation matrix 
The next output from the analysis is the correlation c efficient shown in Table (A1.11). A 
correlation matrix is simply a rectangular array of numbers which gives the correlation 
coefficients between a single variable and every other variable in the investigation. The 
correlation coefficient between a variable and itself is always 1, hence the principal 
diagonal of the correlation matrix contains 1s. The correlation coefficients above and 
below the principal diagonal are the same. The determinant of the correlation matrix is 

















• Kaiser-Meyer-Olkin (KMO) and Bartlett's Test 
The next item from the output is the Kaiser-Meyer-Olkin (KMO) and Bartlett's test 
shown in Table (A1.12). The KMO measures the sampling adequacy which should be 
greater than 0.5 for a satisfactory factor analysis to proceed. Looking at the table below, 
the KMO measure is 0.456. From the same table, we can see that the Bartlett's test of 
sphericity is significant. That is, its associated probability is less than 0.05. In fact, it is 
actually 0.000. This means that the correlation matrix is not an identity matrix. 
Table (A1.12): Kaiser-Meyer-Olkin (KMO) and Bartlett's Test 














The next item from the output is Table (A1.13) of cmmunalities which shows how much 
of the variance in the variables has been accounted for by the extracted factors. For 
instance 85% of the variance in gained profit  is accounted for while 10% of the variance 















Extraction Method: Principal Component Analysis.
 
• Total Variance Explained 
The next item shows in Table (A1.14) is all the factors extractable from the analysis 
along with their Eigen values, the percent of variance attributable to each factor, and the 
cumulative variance of the factor and the previous factors. Notice that the one factor 
accounts for 56.964% of the variance. All the remaining factors are not significant. 
Table (A1.14): Total Variance Explained 
Total Variance Explained







Total % of Variance Cumulative % Total % of Variance Cumulative %
Initial Eigenvalues Extraction Sums of Squared Loadings
Extraction Method: Principal Component Analysis.
 
Scree Plot 
The scree plot is a graph of the Eigen values against all the factors shown in Figure 
(A1.2). The graph is useful for determining how many factors to retain. The point of 
interest is where the curve starts to flatten. Note  that factor 1 has an Eigen value of 
























Figure (A1.2): Scree Plot of Output Variables 
• Component (Factor) Matrix 
Table (A1.15) shows the loadings of the three  variables on the one  factor extracted. The 
higher the absolute value of the loading, the more the factor contributes to the variable. 
The gap on the table represent loadings that are less than 0.5, this makes reading the 
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Rotated Component (Factor) Matrix 
The idea of rotation is to reduce the number factors n which the variables under 
investigation have high loadings. Rotation does not actually change anything but makes 
the interpretation of the analysis easier. Looking at the table below, we can see that there 
is only one significant component which is P .
Rotated Component Matrix a
Only one component was extracted.
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Appendix 2-B 
Case Study 
To whom it may concern, the serious Palestinian contractor: 
Inciting first, all the meanings of honesty and belonging to your home, then to your 
company which is built by your toil, to give us point of time and effort to achieve a 
success of our research of measuring the efficiency of leading construction companies in 
Gaza strip. The research depending on a needed data about your company. The selection 
of your company among numerous companies depend on your desire and the company 
abilities. Sought success of the research is usefuln ss for construction sector and 
construction companies. All given data will be kept top secret and the use of it only is 
limited for scientific research. 
Details of study: 
Please, carefully fill required data taking into account the following definitions. 
1- Manpower expenditure: it includes fees, wages, compensations, and physical 
therapy paid out for engineers, supervisors, superintendents, and labors. 
2- Subcontractors: is the other party who contracts wih the construction company to 
supply materials or/and equipments or/and machines to perform assigned works. 
3- Equipments and Machines: it is the value of equipments and machines possessed 
by the company. 
4- In case of any inadequacy of data tables, you may write in another blank table 
copy with reference to it as a supplementary for table number. 
5- In case of currency used other than US $, then it may required to evaluate all the 
data tables by US $ exchange rate in the market for specified time. 
I- Company autobiography:  
2- Company: ………………………………….  2- Establishing year: ………………. 
3-   Field and Grade: Building__, Roods__, Water & Sewage__, Electro-mechanic__. 
4-   Company Type: …………………….   5- Headquarter: ……………………… 
6-   Administrative position of respondent: …………………………………………. 
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A- Summary of the Company's Inputs and Output Data (Case Study) 
 
Form (1) Input Variables: 
Years No. Variable Unit 
2002 2003 2004 2005 2006 
1 Labors Cost. $      
2 Equipment & Machines. $      
3 Materials.  $      
4 Cash Flow. $      
5 Head office's employees No      
6 Subcontractors $      
 
Form (2) Output Variables: 
Years No. Variable Unit 
2002 2003 2004 2005 2006 
1 Buildings. $      
2 Roads. $      
3 Water & Sewage. $      
4 Electromechanical. $      
5 Sundries. $      




B- The Company's Inputs 
 
Form (3) Cost of used materials (1/1/2002 -31/12/2006)  
Cost of used materials $ Description 
2002 2003 2004 2005 2006 
Average 
per year 
Used materials for projects.       
 
 
Form (4) Labors expenditures (1/1/2002 – 31/12/2006) 
Expenditure $ No. Description of 
expenditure 2002 2003 2004 2005 2006 
Average 
per year 
1 Project managers.       
2 Engineers.       
3 Surveyors, foremen, 
technicians, 
      
4 Permanently labors.       
5 Temporary labors.        
6 Additional fees (if in).       






Form (5) Cash flow possessed (1/1/2002 – 31/12/2006) 
Cash flow $ Description 
2002 2003 2004 2005 2006 
Average 
per year 
Possessed cash flow.       
 










1      /  /   
2      /  /   
3      /  /   
4      /  /   
5      /  /   
6      /  /   
7      /  /   
8      /  /   
9      /  /   
10      /  /   
11      /  /   
12      /  /   
13      /  /   
14      /  /   
15      /  /   
16      /  /   
17      /  /   
18      /  /   
19      /  /   
20      /  /   
 
Form (7) Value of possessed equipments and machines (1/1/2002 – 31/12/2006) 
Value $ No. Equipments & 
Machines Value 2002 2003 2004 2005 2006 
Average 
per year 
1        
2        
3        
4        
5        
6        






Form (8) Number of head office staff  (1/1/2002 – 31/12/2006) 
Expenditure $ Description 
2002 2003 2004 2005 2006 
Average 
per year 
 No. of head office employees.       
 
C- The Company's Outputs 
 











1       /  /  
2       /  /  
3       /  /  
4       /  /  
5       /  /  
6       /  /  
7       /  /  
8       /  /  
9       /  /  
10       /  /  
11       /  /  
12       /  /  
13       /  /  
14       /  /  
15       /  /  
16       /  /  
17       /  /  
18       /  /  
19       /  /  
20       /  /  
21       /  /  
22       /  /  
23       /  /  
24       /  /  
 









3-A Correlation Matrix between Executed Works and Efficiency Scores 
 EW Efficiency 
Correlation   EW 1 0.215 
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Figure (A3.2): Comparison between Target and Actual Labor Cost of Inef icient DMUs. 
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Table (A3.1): CCR Variables Weights of the Year 2002 
DMU Score WI1 WI2 WI3 WI4 WI5 WI6 
C1 0 0 0 0 0 0 0.1 
C2 100 3.9E-06 1.2E-06 0 0 4.52E-06 0 
C3 83.70% 8.8E-07 1.1E-06 0 5.7E-06 0 0 
C4 100 2.2E-06 0 0 2.6E-06 0 0.003378 
C5 100 0 0 0 0 0 0 
C6 100 0 0 0 7.7E-05 0.0001 0 
C7 100 9E-07 0 0 3.2E-07 7E-08 0.005313 
C8 81.2 5.5E-07 8.3E-07 0 2.3E-07 0 0 
C9 100 6.7E-07 0 7.1E-07 0 1.7E-07 0.000153 
C10 100 4.8E-06 0 0 8.7E-07 5.36E-06 0 
C11 99.7 2.1E-05 0 0 0 0 0 
C12 100 0 0 0 0 0 0.25 
C13 92.2 5.3E-07 3E-08 5.7E-07 9E-08 0 0 
C14 100 0 0 2.9E-05 6.3E-05 0 0 
C15 100 4.5E-07 1.1E-06 0 0 0 0 
C16 82.3 1.6E-06 1.4E-07 0 0 2.02E-06 0.00565 
C17 * * * * * * * 
C18 93.1 8.2E-06 1E-05 0 5.3E-05 0 0 
C19 99.1 7.9E-07 1.4E-07 7.4E-07 0 2.3E-07 0 
C20 99.8 3.3E-07 6E-08 3.1E-07 0 9E-08 0 
C21 87.5 1.5E-06 0 1.5E-06 3.6E-07 0 0 
C22 100 0 0 6.3E-07 0 0 0.140796 
Total Weight 4.787E-05 1.482E-05 3.307E-05 2.0412E-04 1.1246E-04 0.50529 
Average Weight  2.2795E-06 7.0571E-07 1.5748E-06 9.72E-6 5.3552E-06 0.02406143 
* Data about this Company was Unavailable 
 
Table (A3.2): CCR Variables Weights of the Year 2003 
DMU Score WI1 WI2 WI3 WI4 WI5 WI6 
C1 100% 1.7E-06 0 5.2E-07 1.17E-05 0 0 
C2 97.40% 2E-06 0 0 2.8E-07 5.6E-06 0 
C3 100% 0 9.3E-06 0 6.24E-06 8.3E-06 0 
C4 66.70% 1.4E-06 6.5E-07 0 8.23E-06 0 0 
C5 100% 0 0 0 0 0 0 
C6 100% 2.6E-06 0 0 2.91E-05 5.5E-05 1E-08 
C7 74.90% 3.1E-07 1E-07 0 2E-08 1.2E-06 0.009619 
C8 0.00% 0 0 0 0 0 0.1 
C9 98.80% 7.4E-07 1.1E-07 0 5.9E-07 2.7E-06 0 
C10 96.70% 3.5E-06 0 0 1.42E-06 1.1E-05 0 
C11 100% 9.7E-07 0 0 1.2E-07 3.4E-06 0.017281 
C12 100% 0 0 0 0 6.4E-07 0.18474 
C13 100% 0 6.7E-07 1.9E-07 2.9E-07 0 0.01666 
C14 100% 0 2.4E-06 5.74E-06 2.95E-05 0 0 
C15 100% 0 1E-05 0 0 0 1E-08 
C16 81.90% 1.2E-06 1.9E-06 0 2.71E-06 6.7E-06 0 
C17 * * * * * * * 
C18 100% 0 0 0 1.4E-05 0 0.2 
C19 100% 0 5.4E-06 7.96E-06 0 1E-05 0 
C20 100% 0 3E-06 0 0 6.7E-07 0.018541 
C21 58.00% 1.2E-06 0 0 1.6E-07 3.3E-06 0 
C22 100% 1.2E-06 0 2.3E-07 0 3.1E-06 0 
Total Weight 1.672E-05 3.371E-05 1.464E-05 1.043E-04 1.11E-04 0.54684148 
Average Weight 7.9619E-07 1.6052E-06 6.9714E-07 4.9652E-06 5.2914E-06 0.02604007 





Table (A3.3): CCR Variables Weights of the Year 2004 
DMU Score WI1 WI2 WI3 WI4 WI5 WI6 
C1 100% 4.3E-06 0 2.3E-06 2.33E-05 0 0 
C2 83.10% 6.9E-07 2.3E-06 0 8E-07 6E-07 0.043292 
C3 100% 0 1E-05 8E-07 1.32E-06 6E-08 0 
C4 98.70% 9.4E-07 0 5.7E-07 3.22E-06 0 0.009226 
C5 100% 0 0 0 0 0 0 
C6 100% 2.1E-06 0 0 6.66E-06 5.6E-06 0.016947 
C7 100% 3.4E-07 1.1E-06 1E-08 4E-07 0 0.022391 
C8 100% 1.1E-06 6.5E-06 0 1.14E-06 0 0 
C9 100% 1.8E-06 5E-08 1.1E-06 9E-07 7.5E-07 0 
C10 87.80% 1.7E-06 5.3E-06 0 2.19E-06 2E-05 0 
C11 90.50% 1.1E-06 0 0 3.5E-07 2.4E-07 0.045688 
C12 100% 0 0 0 0 0 0.2 
C13 94.70% 1.5E-07 5.4E-07 1.4E-07 1.9E-07 0 0.009665 
C14 100% 0 0 3.6E-05 2.25E-05 0 0 
C15 100% 0 1.6E-06 0 0 0 0.069914 
C16 100% 0 0 1E-06 1.37E-05 3.8E-06 0.129004 
C17 * * * * * * * 
C18 100% 1.2E-06 0 0 3.63E-06 0 0.031582 
C19 100% 0 7E-06 9.7E-06 0 2.4E-05 0 
C20 100% 9E-08 1.7E-06 2.2E-06 0 0 0.017564 
C21 80.40% 6.6E-07 2.4E-06 6.4E-07 8.5E-07 0 0.043256 
C22 100% 1.9E-06 0 0 0 0 0.018784 
Total Weight 1.796E-05 3.867E-05 5.408E-05 8.11E-05 5.512E-05 0.65731223 
Average Weight  8.1636E-07 1.7577E-06 2.4582E-06 3.6864E-06 2.5055E-06 0.02987783 
* Data about this Company was Unavailable. 
 
Table (A3.4): CCR Variables Weights of the Year 2005 
DMU Score WI1 WI2 WI3 WI4 WI5 WI6 
C1 100% 1.2E-05 0 4.2E-06 6.62E-05 0 0 
C2 100% 0 2.9E-06 1.9E-07 0 8.7E-06 0.026886 
C3 100% 0 1.5E-05 0 1.85E-06 3.2E-05 0 
C4 100% 4.2E-07 0 1.1E-07 9.5E-07 0 0.004778 
C5 100% 0 0 0 0 0 0 
C6 100% 0 0 0 2.98E-05 4.9E-05 0.002059 
C7 100% 5.4E-07 1E-07 0 3.5E-07 0 0.010607 
C8 98.60% 0 6.8E-06 0 5.3E-07 1.7E-07 0.014396 
C9 89.50% 2E-08 9E-07 3.1E-07 4.6E-07 0 0.036471 
C10 96.40% 2.6E-06 1.9E-06 0 2.03E-06 5.4E-06 0 
C11 88.00% 1.7E-06 1E-06 0 1.21E-06 3.5E-06 0 
C12 100% 0 0 0 0 0 0.199999 
C13 81.70% 0 6.1E-07 1.1E-07 1.9E-07 0 0.017734 
C14 100% 0 1.5E-05 1.4E-05 0.000132 0 0 
C15 100% 0 9.3E-06 0 0 0 1E-08 
C16 100% 0 4.1E-06 0 1.53E-06 1.1E-05 0.050298 
C17 92.30% 6.4E-06 0 0 2.01E-06 0 0 
C18 100% 1.5E-06 0 0 1.38E-05 0 0.061843 
C19 100% 0 3.5E-06 1.1E-05 0 6.4E-06 0 
C20 100% 0 3.3E-06 1.4E-07 0 7.7E-07 0.023481 
C21 78.80% 1.3E-06 4E-06 6.8E-07 9.3E-07 0 0 
C22 100% 1.6E-06 0 3.2E-06 0 0 0 
Total Weight 2.788E-05 6.836E-05 3.387E-05 2.543E-04 1.171E-04 0.44855152 
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Table (A3.5): CCR Variables Weights of the Year 2006 
DMU Score WI1 WI2 WI3 WI4 WI5 WI6 
C1 100% 1E-06 0 0 1.37E-06 1.4E-06 0.003668 
C2 100% 0 1.4E-06 1.7E-06 0 2.2E-07 0.096816 
C3 100% 0 6.3E-06 1.8E-05 3.21E-06 0 0 
C4 93.89% 2.6E-06 5.8E-07 0 0.000001 0 0.007564 
C5 100% 0 0 0 0 0 0 
C6 100% 0 8.8E-07 0 7.82E-06 6.1E-06 0.080798 
C7 100% 3.1E-07 2.1E-07 2E-07 4.7E-07 0 0.011887 
C8 100% 0 9.2E-06 0 1.9E-07 3.9E-07 0 
C9 90.40% 3.2E-07 1.9E-07 6.8E-07 3E-07 0 0.003342 
C10 100% 2.9E-06 1.6E-06 0 2.43E-06 9.4E-06 0 
C11 90% 3.5E-05 3.7E-06 0 1.02E-05 0 0 
C12 100% 0 0 0 0 0 0.166667 
C13 91.30% 1.1E-07 4.8E-07 1.8E-07 9E-08 0 0.005861 
C14 100% 0 0 1.9E-05 5.99E-05 0 0 
C15 100% 6E-08 8.8E-06 0 0 0 0 
C16 100% 0 1.3E-05 0 2.03E-05 0 0 
C17 100% 0 2.3E-06 0 1.31E-06 0 0.079135 
C18 100% 0 8.6E-07 0 1.21E-05 0 0.159593 
C19 100% 6E-07 1.5E-06 7.7E-06 0 0 0 
C20 100% 6E-08 2.8E-06 6.8E-07 0 2.4E-07 0.032384 
C21 84.10% 1.2E-06 1.9E-06 8.8E-07 1.13E-06 0 0 
C22 99.70% 1.2E-06 0 2.5E-07 0 0 0.033615 
Total Weight 4.528E-05 5.585E-05 4.993E-05 1.2176E-04 1.769 E-05 0.68132807 
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Appendix 3-D 















































































































Figure (A3.12): Relationship between Labor and Cash Flow. 
 



































Figure (A3.14): Relationship between Labor and Equipments and Machines. 
































Figure (A3.16): Relationship between Cash Flow and Subcontractors. 


































Figure (A3.18): Relationship between Cash Flow and Management Staff. 


















































Figure (A3.21): Relationship between Machines, and Management Staff. 
 
 
 
 
